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■SUMMARY 


Three  types  of  vehicle  tests  (self-propelled,  towing,  and  towed)  were 
conducted  with  several  military  vehicles  over  a  range  of  vehicle  weights, 
tire  pressures,  and  sand  strengths  and  conditions  .for  the  following 
purposes: 

a.  To  determine  whether  the  trafficability  characteristics  of 
coral  and  volcanic  sands  differ  from  those  of  quartz  sands 
previously  tested. 

b.  To  establish  more  definitive  relations  between  sand  condition 
and  vehicle  mobility  by  testing  vehicles  on  softer  sands  than 
previously  tested. 

£.  To  determine  towing  abilities  of  self-propelled  vehicles  over 
a  range  of  sand  conditions. 

a.  To  determine  towing-force  requirements  of  various  vehicles 
over  a  range  of  sand  conditions. 

Single  self-propelled  wheeled  vehicles  were  tested  on  undisturbed  coral  and 
volcanic  sands  on  Pacific  islands,  and  on  quartz  sand  (dese.  t  and  beach)  in 
the  United  States.  Towing  teats  with  self-propelled  vehicle.-  were  con¬ 
ducted  on  harrowed  desert  quartz  sands  near  Yuma,  Arizona.  Towed  wheelcl 
trailers  were  tested  on  disturbed  and  undisturbed  quartz  cand  at  Camp 
Lejeune,  North  Carolina.  Principal  conclusions  were  that:  (a)  performance 
of  single  self-propelled  wheeled  vehicles  can  be  expressed  in  cone  index- 
slope  climbing  ability  terms;  (b)  wet  sands  are  more  trafficable  than 
dry-to-moist  sands;  (c)  performance,  as  defined  by  the  cone  index-slope 
climbing  curves,  is  the  same  regardless  of  sand  source  (quartz,  volcanic, 
or  coral)  or  location  (beach  or  desert);  (d)  towing  ability  of  oelf- 
propelled  vehicles  (wheeled  and  tracked)  on  harrowed  sand  slope w  can  be 
computed  with  reasonable  accuracy  from  performance  measurements  obtained  in 
tests  of  the  respective  vehicles  on  level  harrowed  sand;  and  (e)  towing- 
force  requirements  of  wheeled  trailers  can  be  correlated  with  cone  index 
and  tire  pressure. 


vii 


TRAFFICABILITY  OF  SOILS 
TESTS  ON  COARSE-GRAINED  SOILS 
WITH  SELF-PROPELLED  AMD  TOWED  VEHICLES 
1956  AND  1957 

FART  I:  INTRODUCTION 

Purpose  and.  Scope  of  Test  Ivugram 

1.  tests  reported  herein  are  part  of  a  study  to  establish  rela¬ 
tions  between  coarse-grained  soils  and  the  ability  of  military  vehicles  to 
negotiate  the*.  These  tests  had  the  following  specific  objectives: 

a.  To  determine  whether  the  tral'ficability  characteristics  of 
coral  and  volcanic  sands  differ  from  those  of  quartz  sands 
previously  tested. 

b.  To  establish  more  definitive  relations  between  sand  condition 
and  vehii.uo  mobility  by  testing  vehicles  on  softer  sanis  than 
previously  'nested. 

c.  To  determine  towing  abilities  of  self-propelled  vehicles  over 
a  range  of  sand  conditions. 

d.  To  determine  towing- force  requirements  of  various  vehicles 
over  a  range  of  sand  conditions. 

2.  Objectives  a  and  b  were  accomplished  by  tests  on  the  beaches  of 
certain  islands  in  the  Pacific  Ocean.  Objective  q  was  partially  accom¬ 
plished  by  tests  on  desert  sands  near  Yuma,  Arizona,  and  objective  d  was 
partially  accomplished  by  tests  at  Camp  Lejeune,  North  Carolina.  Testing 
of  additional  vehicles  on  a  wider  range  of  sand  conditions  will  le  neces¬ 
sary  to  complete  these  latter  two  objectives. 

Previous  Investigations 

3.  Since  19**5  the  Waterways  Experiment  Station  has  conducted  a 
large  number  of  traffic  tests  with  military  vehicles  on  a  variety  of  soil 
conditions.  Results  of  this  work  have  been  published  in  a  series  of  re¬ 
ports  with  the  general  title  MTrafficability  of  Soils,"  Technical  Memo¬ 
randum  No.  3"2U0,  which  are  listed  on  the  Inside  of  the  front  cover  of  this 
volume.  Most  of  the  tests  were  conducted  on  fine-grained  soils,  as  these 
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were  believed  to  cause  the  greatest  trafficability  problems.  The  develop¬ 
ment  of  instruments  and  techniques  for  measuring  the  trafficability  of 
these  soils  is  considered  to  be  essentially  completed.  Work  to  develop 
methods  of  measuring  trafficability  of  coarse-grained  soils  is  continuing. 


Pilot  Study  of  Coarse-grained  Soils 


< 


4.  In  October  1953#  a  joint  Army-Navy  ad  hoc  committee  assigned  the 
responsibility  for  studying  means  of  determining  the  trafficability  of 
beaches  (particularly  those  with  coarse-grained  soils)  to  the  Waterways 
Experiment  Station.  The  first  phase  of  this  project  was  a  pilot  study  to 
provide  background  information  concerning  mobility  problems  on  coarse¬ 
grained  soils,  and  to  determine  whether  instruments  and  techniques  that 
have  been  successful  in  defining  trafficability  of  fine-grained  soils  would 
also  be  successful  in  coarse-grained  soils.  This  study  was  accomplished  in 
1954  and  is  reported  in  Technical  Memorandum  3-240,  13th  Supplement.  All 
the  vehicle  tests  reported  in  the  13th  Supplement  were  conducted  on  quartz- 
type  sands  found  on  inland  areas  and  beaches  of  the  United  States.  The 
important  findings  of  this  pilot  study  are  summarized  as  follows: 

a.  Sand  categories.  Two  distinct  sand  categories,  each  re¬ 
quiring  a  different  technique  for  the  determination  of  its 
trafficability,  were  recognized:  (l)  clean  sands  that  re¬ 
acted  in  a  frictional  manner  to  traffic,  and  (2)  sand  with 
fines,  poorly  drained,  that  reacted  in  a  more  plastic  manner. 

b.  Instruments.  The  cone  penetrometer  was  found  to  be  as  accu¬ 
rate  an  instrument  for  measuring  sand  trafficability  as  any 
tested,  and  was  recomaended  for  future  use  in  sands,  mainly 
on  the  basis  of  its  ability  to  determine  profile  conditions 
but  also  because  it  had  been  previously  accepted  for  use  in 
fine-grained  soils. 

£.  Remolding  effects.  No  necessity  was  found  for  predicting 
strength  changes  under  vehicle  traffic  for  most  sands  (see 
subparagraph  d).  For  sands  with  fines,  poorly  drained, 
strength  changes  had  to  be  estimated  and  a  technique  for 
doing  this  was  developed. 

d.  Repetition  of  traffic.  In  general,  the  first  pass  was  found 
to  be  the  most  difficult  for  a  wheeled  vehicle  in  a  sand 
area.  Succeeding  passes  were  made  with  increasingly  less 
difficulty  and  smaller  and  smaller  increases  in  rut  depth. 

An  exception  to  this  occurred  in  some  crusted  sand.  The 
surface  crust  supported  the  vehicle  for  one  pass  (or  a  few) 
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but  suddenly  broke  on  a  subsequent  pass,  causing  the  vehicle 
to  become  Immobilized  or  making  operation  more  difficult  in 
the  much  softer  sand  and  deeper  ruts.  Because  only  a  few 
tests  were  conducted  on  crusted  sands,  no  attempt  was  made  to 
devise  a  means  A  predicting  break-through# 

e.  Tire  pressure#  Among  individual  vehicle  characteristics, 
tire  pressure  was  the  most  influential  single  factor  in  the 
performance  of  wheeled  vehicles  In  sand# 

f.  Critical  layer#  For  all  vehicles  tested,  the  critical  layer 
of  the  various  sands  appeared  to  be  the  top  6  in. 


Definitions 


5#  Certain  soil,  beach,  test-media,  and  vehicle  terms  used  in  this 
report  are  defined  for  the  convenience  of  the  reader. 

Soil  terms 

Fine-grained  soil  (fines).  A  soil  of  which  more  than  50f>  of  the 
grains,  by  weight,  will  pass  a  No.  200  U#  S.  standard  sieve  (smaller  than 
0.074  mm  in  diameter). 

Coarse-grained  soil#  A  soil  of  which  more  than  50f>  of  the  grains,  by 
veight,  will  be  retained  on  a  No.  200  sieve  (larger  than  0.074  mm  in 
diameter) . 

3and.  A  coarse-grained  soil  with  the  greater  percentage  of  the 
coarse  fraction  (larger  than  0.074  mm)  passing  the  No.  4  sieve  (4.76  mm). 

Sand  with  fines,  poorly  drained#  A  sand  that  contains  some  fine¬ 
grained  soil  and  is  slow-draining.  When  wet,  such  sands  behave  similarly 
to  very  wet  fine-grained  soils  under  vehicular  traffic. 

Dn*  Particle  diameter,  in  millimeters,  that  is  larger  than  the  grain 
diameter  of  n  per  cent  by  weight  of  the  sample  (e.g,,  ■  0.30  means 

that  6of>  of  the  sample,  by  weight,  has  a  grain  diameter  less  than  0.30  inn). 

Effective  site.  The  effective  size  of  a  soil  is  that  particle  diam¬ 
eter,  in  millimeters,  that  is  larger  than  the  grain  diameter  of  !Of>  by 
weight  of  the  sample  (D^q). 

Uniformity  coefficient  (Cu)  »  •  An  index  reflecting  the  shape 
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of  the  grain-size  curve.  A  material  composed  entirely  of  grains  of  the 
same  d'  jotter  would  have  a  uniformity  coefficient  of  1.0. 
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Medlar  diameter.  The  median  diameter  is  that  particle  diameter  that 
is  larger  (or  sma'  ;r)  than  the  grain  diameter  of  50 by  weight  of  the 
sample  (D^q). 

Density.  The  unit  weight  of  the  soil  in  pounds  per  cubic  foot.  Un¬ 
less  otherwise  stated,  the  density  is  the  dry  unit  weight. 

Moisture  content  or  water  content.  The  ratic,  expressed  as  a  per¬ 
centage,  of  the  weight  of  water  in  the  soil  to  the  dry  weight  of  the  solid 
particles. 

Cone  index.  An  index  of  the  shearing  resistance  of  soil  obtained 
with  the  cone  penetrometer.  The  value  is  a  dimensionless  number  repre¬ 
senting  the  resistance  of  the  soil  to  penetration  of  a  30-deg  cone  of  0.5- 
sq-in.  base  or  projected  area.  The  number,  although  considered  dimension- 
ress,  actually  denotes  pounds  of  force  on  the  handle  divided  by  the  area 
of  the  cone  base  in  square  inches. 

T  ^ficability.  The  capacity  of  a  soil  to  support  the  traffic  of 
military  vehicles. 

Bearing  capacity.  The  ability  of  a  soil  to  support  a  vehicle  without 
undue  settlement. 

Traction  capacity.  The  ability  of  a  ^oil  to  provide  sufficient  re¬ 
sistance  to  the  push  of  the  track  or  wheel  of  the  vehicle  to  furnish  the 
necessary  thrust  to  move  it. 

Critical  layer.  The  layer  of  soil  regarded  as  being  most  pertinent 
to  establishing  the  relation  between  soil  strength  and  vehicle  performance. 
(For  coarse-grained  soils,  this  appears  to  be  the  0-  to  6-in.  layer.) 

Liquefaction.  The  puddling  and  drastic  reduction  in  strength  of  sat¬ 
urated  (although  initially  firm)  soil  under  the  action  of  rejietitive 
loading. 

Erosion.  The  washing  away  of  coil  particles  by  water  moving  under 
and  around  that  portion  of  a  wheel  or  track  in  contact  with  the  soil* 

Beach  terms 

Foreshore  (F3).*  That  part  of  the  beach  ordinarily  traversed  by  the 

uprush  and  downruch  of  waves  as  the  tide  rises  and  falls, 

*  The  beach  terms  noted  with  an  asterisk  were  extracted  from  Appendix  A, 
Beach  Erosion  Board  Bulletin,  Special  Issue  No.  2,  March  1953.  Other 
terms  pertain  to  specific  areas  in  which  vehicular  tests  were  conducted 
but  which  are  not  defined  in  the  above-mentioned  reference. 
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Backshore  (B3),»  That  part  of  the  beach  between  the  foreshore  and 
the  forward  dune  apron  (if  present)  or  the  coast  line. 

Berm  crest  (BC)  or  beach  berm.*  The  seaward  limit  of  the  backshore; 
usually  a  relatively  flat  area  paralleling  the  foreshore  and  occasionally 
vetted  by  waves  at  high  tide. 

Berm  backslope  (BBS).  A  backshore  area  between  the  berm  crest  and 
the  forward  dune  apron,  usually  sloping  gently  downward  and  landward. 

Forward  dune  anron  (FDA).  The  concave  seaward  slope  of  a  line  of 

dunes. 

Dune  area  ( DA ) ,  coastal.  An  area  of  wind-deposited  sand  between  the 
forward  dune  apron  an^  the  coast  line.  Coastal  dunes  may  be  active  or  par¬ 
tially  stabilized  by  vegetation. 

Dune  area,  desert.  An  area  of  active  sand  dunes  with  little  or  no 
vegetation  present.  Desert  dunes  are  much  higher  and  much  larger  in  area 
than  coastal  dunes. 

Cubp»*  One  of  a  series  of  naturally  formed  low  mounds  of  sand  sepa¬ 
rated  by  crescent-shaped  troughs  spaced  at  more  or  less  regular  intervals 
along  the  foreshore. 

Scarp,  beach.*  A  line  of  steep  slopes  facing  seaward,  caused  by  wave 
erosion  of  the  beach. 

Test-media  terms 

Harrowed  sand.  Sand  that  has  been  harrowed  to  at  least  a  12- in. 
depth  and  the  surface  smoothed  with  a  light  drag. 

Disturbed  sand.  Sand  disturbed  by  traffic. 

Undisturbed  sand.  A  sand  that  apparently  has  not  been  recently 
disturbed. 

Vehicle  terms 

Page#  One  trip  of  the  vehicle  over  the  test  course. 

Imnobilization.  In  this  report,  failure  of  a  self-propelled  vehicle 
to  travel  forward  over  sand,  although  it  could  possibly  back  up  in  its 
ruts.  In  this  report,  Immobilizations  of  wheeled  vehicles  also  were  con¬ 
sidered  to  have  occurred  whenever  the  drive  wheels  began  to  Jerk  violently 
and  the  vehicle  began  to  make  very  labored,  slow  progress. 


*  See  footnote  on  preceding  page. 
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Maximum  drawbar  pull.  The  maximum  amount  of  sustained  towing  effort 
a  self-propelled  vehicle  can  produce  at  its  drawbar  under  given  test  condi¬ 
tions. 

Towing -force  requirements.  The  amount  of  force  required  to  tow  a 
given  vehicle  under  given  test  conditions. 

Tractive  coefficient.  The  ratio  of  the  maximum  drawbar  pull  to  the 
gross  weight  of  a  vehicle. 

Slip,  The  percentage  of  track  or  tire  movement  ineffective  in 
thrusting  the  vehicle  forward. 

Ply  rating  (PR),»  A  term  used  to  identify  a  given  tire  w*th  its 
maximum  reconroended  load  when  used  in  a  specific  type  of  service.  It  is 
an  index  of  tire  strength  and  does  not  necessarily  represent  the  number  of 
cord  plies  in  the  tire. 


W 
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*  American  Tire  and  Him 
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PART  II:  TEST  PROGRAMS 

6.  As  stated  earlier,  tests  were  conducted  on  a  number  of  Pacific 
islands,  at  Yuma,  Arizona,  and  at  Camp  Lejeune,  North  Carolina,  The  test 
program  on  the  Pacific  islands  consisted  in  operating  single  self- 
propelled,  rubber-tired  vehicles  across  level  and  sloping  sand  beaches. 

At,  Yuma,  both  rubber-tired  and  tracked  vehicles  were  tested  ec  single  self- 
propelled  and  towing  vehicles  on  level  and  sloping  natural  sand  a*:d  har¬ 
rowed  sand  lanes.  At  Camp  Lejeune,  single  self-propelled  or  towing,  and 
trailer  or  towed-type  wheeled  vehicles  were  tested  on  disturbed  and  undis¬ 
turbed  sand,  and  asphalt.  Measurements  and/or  observations  of  vehicle 
performance  and  pertinent  sand  data  were  made  for  each  test.  Details  of 
the  program  are  described  in  the  following  paragraphs.  Locations  of  test 
sites  on  the  various  Pacific  islands  sure  shown  in  plates  1  and  2.  Plate  3 
shows  the  locations  of  the  Yuma  and  Camp  Lejeune  Bites  used  in  tests  re¬ 
ported  herein,  as  well  as  the  site 6  used  in  the  pilot  study  reported  in 
TM  3-2^0,  13th  Supplement. 

Pacific  Island  Test  Areas 


7.  Brief  descriptions  of  the  islands  visited  and  beaches  tested  are 
contained  in  the  following  paragraphs.  All  the  beaches  tested  are  of  cwr.* 
arid  shell  origin  except  the  following  four:  Kalapana  Beach  on  Hawaii, 
Talofofo  Beach  on  Guam,  and  the  famed  Red  and  Yellow  Beaches  on  I  wo  Jima, 
all  of  which  are  of  volcanic  origin.  Representative  grain-size  curves  for 
the  sands  at  the  various  test  sites  are  shown  in  plate  4;  supplementary 
physical  property  data  arc  presented  in  table  1.  Average  beach  profiles 
and  cone  index  isopletha  are  shown  in  the  figures  accompanying  the  text 
descriptions.  Isopletha  show  the  general  strength  profile  of  each  beach 
t,o  assist  in  a  more  complete  beach  description;  however,  they  are  not  con¬ 
sidered  in  the  actual  analysis. 

gfeU.Ti  B* 

8.  Oahu,  the  third  largest  Island  in  the  Hawaiian  Islands  chain,  is 
of  volcanic  origin,  but  there  is  no  volcano  activity  there  at  the  present 
‘tine.  The  ocean  beaches  os  Oehu  are  of  three  types:  sand,  rocky  or 
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eliffed,  and  3ilty  olay  with  vegetation  growing  down  to  the  water's  edge. 
Only  the  sand  beaches  were  tested.  They  consist  mainly  of  coral  sands  de¬ 
posited  by  wind  and  wave  action,  but  they  also  include  seashell  fra^nents 
and  sand  eroded  from  rock  formations  which  can  be  seen  just  below  the 
waterline  at  low  tide  on  some  of  the  beaches.  Vehicle  tests  were  run  on 
five  beaches,  and  cone  index  profiles  and  sand  samples  were  obtained  cn  four 
others.  The  locations  of  the  beaches  are  shown  in  plate  1;  they  are  de¬ 
scribed  in  the  following  paragraphs. 

9.  MQkuleia  Beach.  This  beach,  located  on  the  northwestern  shore  of 

Oahu  approximately  one 
and  one-half  miles  west 
of  Mokuleia  Station,  is 
about  1000  ft  long  and 
250  ft  wide  (fig.  1).  A 
profile  of  the  beach  is 
shown  in  fig.  2.  The 
foreshore  averages  15  ft 
in  width,  has  a  3<# 
slope,  and  is  entirely 
covered  with  water  at 

Pie.  1.  Oahu,  T.  H.,  Mokuleia  Beach  hleh  tlde  and  partly 

covered  at  low  tide. 


Above  the  foreshore 
is  a  flat  berm  crest 
(which  comprises  all 
of  the  backshore) 
averaging  12  ft  in 

4> 

width,  frequently 
wetted  by  wave  ac¬ 
tion*  Beyond  the 
berm  crest  is  a 


Fig*  2*  Beach  profile  and  cone  index  icopletho,* 

Mokuleia  Beach 


*  This  and  all  subsequent  beach  profiles  include  cone  index  isopleths, 
which  are  lines  of  equal  cons  index  and  denoted  by  —25——*  Elevations 
are  referred  to  mean  low  tide*  Cone  indexes  were  measured  at  the  surface 
and  at  3-in*  vertical  increments  to  a  maximum  depth  of  24  in* 
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forward  dune  apron  averaging  25  ft  in  width,  with  a  24^  slope,  on  which 
1-1/2  in.  of  dry,  loose  sand  overlies  deep,  moist  sand.  The  dune  area, 
soiae  200  ft  in  width,  is  relatively  flat  with  4  in.  of  dry,  loose  sand 
overlying  deep,  moist  sand.  On  the  landward  side  of  the  dune  area,  where 
the  beach  sand  has  mixed  with  alluvium,  there  is  some  vegetation. 

10.  Vehicle  tests  were  run  on  the  berm-crest  and  dune-area  portions 
of  Mokuleia  Beach.  The  foreshore  was  too  short  and  the  forward-dune -apron 
slopes  too  irregular  to  be  suitable  test  areas.  Vehicle  tests  were  run 
parallel  to  the  shore  line  on  the  berm  crest,  and  both  parallel  and 
perpendicular  to  the  shore  line  in  the  dune  area.  A  representative  sample 
revealed  the  soil  to  be  a  poorly  graded  (SP)  medium  sand  (plate  4,  fig.  1). 
The  cone  index  for  the  0-  to  6-in.  depth  ranged  from  14  to  51.  Character¬ 
istics  of  the  sand  are  listed  in  table  1. 

11.  Drone  Beach.  Drone  Beach  is  on  the  same  coast  as  Mokuleia  Beach 
and  approximately  3/4  mile  farther  west  (plate  1).  This  beach  is  approxi¬ 
mately  800  ft  long  and  averages  200  ft  in  width.  A  profile  of  the  beach  is 
shown  In  lig.  3.  The  foreshore  averages  20  ft  in  width,  has  a  30 ^  slope, 
and  is  entirely 

2  * 

covered  with  water 
at  high  tide  and  ff }  ° 

» -  j  •* 

partly  covered  at  ■ 

low  tide.  Rock  out¬ 
crops  can  be  seen 
underneath  the  water 
at  the  foot  of  the 
foreshore.  Above 

the  foreshore  is  a  berm  crest  (which  comprises  all  of  the  backsbore )  ap¬ 
proximately  15  ft  wide  and  fairly  flat,  which  is  frequently  wetted  by  waves 
at  high  tide.  Beyond  the  berm  crest  is  a  forward  dune  apron  that  averages 
50  ft  in  width,  has  a  15 $  slope,  and  *s  covered  with  looee,  fairly  dry 
sand.  The  dune  area  is  relatively  flat  near  the  forward  dime  apron  but 
wlupes  downward  as  it  extends  inland. 

12.  Vehicle  tests  were  run  parallel  to  the  shore  on  the  ben  crest 
and  perpendicular  to  the  shore  on  the  forward  dune  apron*  Ho  teste  were 
run  on  the  foreshore  because  of  its  narrow  width,  or  in  the  dune  area 


Fig.  3*  Beach  profile.  Drone  Beach 
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because  of  vegetation  and  irregularity  of  the  surface.  The  sand  was  uni¬ 
form  in  gradation  over  the  entire  beach;  a  representative  sample  revealed 
poorly  graded  sand  (SP),  medium-textured  (plate  4,  fig.  1).  The  cone  index 
for  the  0-  to  6-in.  depth  ranged  from  21  to  48.  Characteristics  of  the 
sand  are  listed  in  table  1. 


13«  Makua  Beach.  This  beach  is  located  on  the  western  shore  of 
Oahu,  3  miles  south  along  the  coast  from  Kaena  Point  (see  plate  1),  and  is 


approximately  3 A  mile 
long  and  averages  200  ft 
in  width  (fig.  4).  A 
profile  of  t i  e  beach  is 
shown  in  fig.  5«  The 
foreshore  is  approxi¬ 
mately  30  ft  wide  and 
has  an  average  slope  of 
25^.  At  high  tide  the 
foreshore  is  almost 
covered  with  water. 


Fig.  4.  "aha,  T.  H.,  Akua  Beach  !'fcct  of  the  foreuhore  ls 

underlain  by  rock,  which 

can  be  seen  as  outcrops  some  distance  out  from  the  water* s  edge.  Occasion¬ 
ally,  the  shore  line  is  broken  by  crescent- shaped  troughs  vMch  extend  to 


the  forward  dune 
apron.  The  berm  cret 
averages  15  ft  in 
width,  is  relatively 
flat,  and  is  occasion* 
ally  vetted  by  /ave 
action*  Landward  oi 
the  berm  crest  is  the 


MM  :  MM  MCHKM  1  MMMO 

inf**  Hi*- 


0UN*  MM* 


a  pi- 

fit  4 

In 


'll  •** 


berm  backs  lope,  which 

Fig.  5*  Beach  profile,  Makua  Beach 

averages  50  ft  in 

width;  its  sl”pe  averages  ($  downward  as  it  continues  inland*  The  berm 


backslope  is  seldom  wetted  by  surf  except  when  the  waves  are  unusually 
high*  Beyond  the  berm  slope  is  the  forward  dime  apron,  which  averages 
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2r>  ft  in  width  and  has  an  uneven  surface  that  is  partly  due  to  an  old  rail¬ 
road  bed  over  which  beach  sand  has  been  deposited  by  wind.  Some  portions 
of  the  dune  area  were  suitable  for  testing. 

It.  Vehicle  tests  were  run  on  all  areas  of  Makua  Beach.  The  tests 
on  the  berm  crest  were  run  parallel  to  the  shore  line!  and  most  of  the  tests 
on  the  forward  dune  apron  were  run  perpendicular  to  the  shore  line.  Only 
a  small  portion  of  the  forestore  was  suitable  for  vehicle  tests.  The  sand 
was  poorly  graded  (SP)  and  fine  to  medium  in  texture  (plate  k,  fig.  1,  and 
table  1);  in  the  dune  area  the  sand  was  darker  in  appearance  than  that  of 
the  other  areas  and  had  little  or  no  fines.  The  cone  index  for  the  0-  to 
6-in.  depth  ranged  from  22  to  136. 

15.  Crescent  Beach.  Crescent  Beach  (fig.  6),  located  approximately 
1  mile  southeast  of  Makua 

Beach,  is  not  as  uniform 

throughout  its  length  as  ■fr-'  Jpl 

the  beaches  described  fty|^  wpl#  .  gfw  '  '  \ 

previously  and  thus  is  5L}.  fil&ft  '  J’’  *  ‘  ‘ ’  /  •  ’’  ‘  '/** 

represented  by  two  dif- 

ferent  profiles,  one  K$  *,  ,  ‘tli  *  '  *■  ,  *  *  •  .  ■  ,  *,i|p 

through  a  crescent-  ‘  ‘‘  ‘  •  >  *•* 

shaped  trough  area  be-  Kjf!'  ‘  ‘  ‘  ' 

t.;cjn  cusps,  designated  r1^ 1 
area  one  (fig.  7),  and 

the  other  through  an  fig.  6.  Oahu,  T.  H.,  Crescent  Beach 

area  with  no  cusps,  designated  area  two  (fig.  8). 

16.  An  average  profile  through  area  one  shews  a  foreshore  that  is 
long  and  relatively  flat  for  fore  shore  j  in  this  area.  It  averages 


Fi fin  7.  Beach  profile,  Creaoent  Beach,  area  one 


50  ft  in  width,  his  a 
($  slope,  and  is  en¬ 
tirely  covered  by  surf 
during  periods  of  high 
tides  and  occasionally 
vetted  during  low  tides. 
Rocks  are  exposed  at  the 
toe  of  the  foreebore 
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during  low  tide.  Land¬ 
ward  of  the  foreshore  is 
the  berm  crest,  which 
averages  20  ft  in  width. 
No  berm  backslope  Is 
evident,  and  the  forward 
dune  apron  rises  di¬ 
rectly  from  the  berm 
crest.  It  averages  75 
ft  in  width  and  has  an 


8 $  slope.  The  dune  area  on  this  beach  is  a  mixture  of  sand  and  silt  and 
supports  vegetation  to  such  an  extent  that  it  was  impractical  to  run  ve¬ 
hicle  tests  on  it. 

17*  An  average  profile  of  beach  area  two  is  similar  to  the  profile 
c*  Makua  Beach.  The  foreshore  averages  23  ft  in  width,  has  a  2 %  slope, 
end  leads  up  to  a  berm  crest  approximately  13  ft  in  width.  Landward  of  the 
berm  crest  is  the  berm  backslope,  which  averages  30  ft  in  width  and  slopes 
downward  toward  the  forward  dune  apron  on  an  average  slope  of  4£,  The  for¬ 
ward  dune  apron  averages  30  ft  in  width,  has  a  1 Of>  slope,  and  leads  up  to 
a  dune  area  on  which  are  found  vegetation  such  as  trees  and  underbrush. 

18.  Vehicle  tests  were  run  on  all  portions  of  Crescent  Beach  except 
the  dune  area.  Foreshore  tests  in  the  vicinity  of  the  crescent-shaped 
troughs  were  run  both  parallel  and  perpendicular  to  the  shore  line.  Tests 
on  the  berm  crest  were  run  parallel  to  the  shor*i  line,  and  tests  on  the  berm 
backslope  were  run  perpendicular  to  the  shore  line.  A  representative  sam¬ 
ple  of  sand  from  Crescent  Beach  shows  a  poorly  graded  (SP),  fine-textured 
material  (plate  4,  fig.  1,  and  table  1).  T?ie  cone  index  for  the  0-  to  6- 
ln.  depth  ranged  from  18  to  6 6. 

19*  Bunker  Beach.  This  beach  (fig*  9),  adjacent  to  the  southeast 
end  of  Crescent  Beach,  is  approximately  2000  ft  long  and  has  two  distinct 
profiles,  one  of  which  is  similar  to  the  profile  of  Makua  Beach. 

20.  Area  one  profile  (fig*  10)  shows  a  foreshore  averaging  30  ft 
in  width,  with  an  average  slope  of  25$.  The  berm  crest  is  about  20  ft  wide 
and  is  wetted  occasionally  by  high  waves.  Beyond  the  berm  crest  is  the 
berm  backslope,  averaging  30  ft  in  width;  it  has  an  average  slope  of  % 
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downward  a e  it  extends  in¬ 
land.  The  forward  dune  apron 
Is  about  25  It  wide,  and  has 
a  1%  slope  leading  up  to  a 
dune  area  on  which  some  vege¬ 
tation  is  growing. 

21.  Area  two  profile 
(fi  11)  represents  an  area 
in  which  the  berm  backslope 
slopes  downward,  leaving  a 
low  area  behind  the  beach 
in  which  water  no  doubt 
stands  for  some  time  after 


Fig.  9*  Oahu,  T.  H«,  Bunker  Beach 


Fig.  10.  Beach  profile,  Bunker  Beach,  area  one 


heavy  rains.  The  fore¬ 
shore  of  this  profile  re¬ 
sembles  other  beaches 
mentioned  in  that  it 
averages  30  ft  in  width 
and  has  a  2 5#  slope.  The 
berm  crest  averages  20  ft 
in  width  and  is  rela¬ 
tively  flat.  Landward, 
the  berm  backslope 


averages  100  ft  in  width  and  slopes  downward  on  an  average  Slwpe  of  6£. 

22.  Vehicle  tests 
were  run  on  the  berm  cre3t 
(parallel  to  the  shore 
line),  the  berm  backslope 
(perpendicular  to  the 
shore  line),  and  on  the 
forward  dune  apron  (per¬ 
pendicular  to  the  shore 

line).  Hie  foreshore  , .  _  . 

Fig.  11.  Beach  profile,  Bunker  Beach,  area  two 

•lope  was  too  steep  for 

vehicle  tests,  and  the  dune  area  contained  too  such  vegetation.  The  sand 
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was  poorly  graded  (FP),  with  almost  equal  amounts  of  medium  and  fine  sizes 
(plate  4,  fig,  2,  and  table  l).  The  cone  index  for  the  0-  to  6-in,  depth 
ranged  from  39  to  85* 

23,  other  beaches.  Only  cone  index  and  sand  data  were  obtained  on 
the  beaches  at  Pokai  Bay  1,  Pokai  Bay  2,  Naval  Amminition  Depot  (NAD),  and 
Last  Beaches.  Profiles  of  these  beaches  are  shown  in  fig.  12.  The  sands 
from  these  beaches  were  all  poorly  graded  (SP)  and  ranged  in  texture  from 
medium  for  Last  and  Pokai  Bay  1  Beaches,  to  fine-to-medium  for  NAD  and 
pokai  Bay  2  Beaches  (see  table  1).  The  cone  index  for  the  0-  to  6-in, 
depth  ranged  from  28  to  31  for  Pokai  Bay  1  Beach,  22  to  52  for  Pokai  Bay  2 
Beach,  26  to  51  for  NAD  Beach,  and  11  to  27  for  Last  Beach. 


Hawaii.  T.  H. 

24.  Hawaii  is  the  largest  island  of  the  Hawaiian  Islands  chain  and, 


like  Oahu,  is  of  volcanic 
origin.  It  is  the  only 
island  of  this  chain  that 
has  an  active  volcano  at 
the  present  time.  For 
the  most  part  the  shores 
of  Hawaii  are  rocky  and 
cliffed,  but  there  are  a 
few  sand  beaches. 

25  •  The  beach 
tested  on  Hawaii  is  cov¬ 


ered  with  bxa  band  de- 


Fig.  13.  Hawaii,  T.  H.,  Kalapana  Beach 


rived  from  lava  rock 


Fig.  14*  Beach  profile,  Hawaii,  Kalapana  Beach 


(fig.  13).  A  beach  pro¬ 
file  is  shown  in  fig.  14. 
Because  the  beach  Itself 
is  almost  inaccessible  by 
vehicle,  no  trafficabil- 
ity  tests  were  performed; 
however,  cots  index  pro¬ 
files  and  sand  temples 
were  obtained.  Kalapana 
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Beach  is  approximately  l/4  mile  long  and  about  150  ft  vide*  The  foreshore 
is  approximately  30  ft  vide  and  has  a  12J&  slope*  Bedrock  can  be  seen  at 
the  toe  of  the  slope  and  is  partially  exposed  at  lov  tide.  The  entire 
foreshore  is  vetted  during  high  tide.  A  bera  crest  at  the  top  of  the  fore¬ 
shore  averages  10  ft  in  vidth,and  the  backshore  slopes  gently  dovnvard  as 
it  continues  inland,  with  palm  trees  growing  near  the  berm  crest*  The  sand 
was  poorly  graded  (SP),  fine-  to  medium-textured  (plate  4,  fig*  3#  end 
table  1).  The  cone  index  for  the  0-  to  6- in.  depth  ranged  from  25  to  68. 
Kwajalein  Atoll 

26.  Kwajalein  Atoll  (plate  1),  one  of  the  largest  atolls  in  exist¬ 


ence,  is  approximately 
75  miles  long  +  <jm  the 
western  to  the  southern 
tip.  It  consists  of 
coral  reefs  and  small 
sand  bars  surrounding 
a  lagoon.  Kwajalein, 
its  largest  Island,  is 
located  on  the  southern 
tip  of  the  atoll  and  is 
approximately  3  miles 
long  and  l/2  mile  vide; 
most  of  this  area  is 


used  for  an  airfield*  A 
profile  across  the  island 
shows  the  beaches  on  the 
cccan  side  to  be  pri¬ 
marily  gravel  (fig.  15) 
and  somewhat  steeper  than 
the  coral  sand  beaches  on 
the  lagoon  side  (fig* 
l6).  The  sand  on  the 
ocean-side  beaches  is 
only  a  few  inches  deep 


and  overlies  bedrock* 


-  * 


Fig*  16*  fttajaleln  Atoll,  lagoon  side 
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Also,  it  should  be  noted  that  the  ending  foreshore  and  beginning  of 
backshore  on  the  lagoon  beaches  of  Kv«  *  ^ein  are  not  as  wen  defined  as  on 
Oahu,  where  berm  crests  were  present  on  nearly  every  beach.  Nine  vehicle 
tests  were  run  on  three  beaches  (designated  numbers  5*  6,  rnd  7)  on  the 
lagoon  side  of  the  island  where  American  landings  ’./ere  made  in  19^;  in 
addition,  cone  index  and  sand  data  were  obtained  on  another  lagoon  beach 
(designated  number  1).  These  four  beaches  are  described  in  the  following 
paragraphs,  and  profiles  of  each  are  «hown  in  fig.  17.  Gradation  and 
characteristics  of  the  sand  found  on  them  are  given  in  plate  h  (figs.  Z 
and  4)  and  table  1,  respectively. 

27*  Beach  No.  1.  This  beach  is  located  approximately  midway  along 
the  lagoon  coast  line  of  the  island.  A-  shovn  in  fi?.  17a,  the  foreshore 
is  CO  ft  wide  and  has  a  slope  of  1*#;  it  is  underlain  by  coral  rock  at  a 
depth  of  about  7  in.  The  backshore  extends  Co  ft  inland  and  is  fairly  flat. 


wn 

b.  Beach  Mo.  5 


The  sand  from  this  beach  was 
poorly  graded  (SP)  and  fine- 
textured.  Range  of  cone  index  for 

the  G-  to  6- in.  depth  was  Vf-52. 

20.  Beach  I?o.  5.  This 
beach  is  located  about  10C0  ft 
•./eot  of  Beach  No.  1.  Its  fore¬ 
shore  averages  Co  ft  iA  width  and 
has  a  IJp  slope  (fig*  17b).  The 
bu<  kshore  extends  cO  ft  inland, 
rising  slightly#  The  sand  '.as 
I f  orly  graded  (SP),  fine-  to 
medium-textured.  Cone  index  for 
the  0-  to  6- in.  depth  ranged 
from  107  to  126. 

29*  Beach  Mo.  6.  Located 
about  2CCO  ft  west  of  the  northern¬ 
most  tip  of  the  island,  this  beach 
has  been  modified  by  a  hydraulic 


Fig-  17a  wri  b.  touch  T^fllcc  anJ  fUi  u,llch  *»  f< "*  **» 

cone  index  isopleths,  Kwajale  In  lagoon*  As  shown  in  fig*  17c,  the 
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foreshore  averages  60  ft  in  */idth  and  has  a  13$  slope.  The  backshore  ex¬ 
tends  60  ft  inland  and  is  fairly  flat.  A  representative  sample  from  this 

beach  revealed  the  sand  to  be 
poorly  graded  (SP),  medium-  to 
fine -textured,  with  some  silt. 

Cone  index  for  the  0-  to  6- in. 
depth  ranged  from  50  to  153* 

30*  Beach  No.  7.  Located 
on  the  northern  tip  of  the  island, 
this  beach  has  a  foreshore  tl*at 


c.  Beach  No.  6 


averages  75  ft  in  width  and  has 
an  average  slope  of  13$  (fig. 
17d).  The  backshore  extends 
65  ft  inland  and  is  fairly 
flat.  The  sand  was  poorly 
graded  (SP),  medium-  to  fine- 
textured.  Cone  index  for  the 
0-  to  6- in.  depth  ranged  from 
62  to  136. 

Guam 

31.  The  island  of  Guam 
(plate  2)  is  approximately  30 
miles  long,  U  to  8  miles  wide,  and  about  275  square  miles  in  area.  It  con¬ 
sists  essentially  of  volcanic  rock  and  coral  limestone,  with  a  fringing 
reef  of  coral  around  most  of  the  island.  All  beaches  tested  were  coral 
except  Talofofo,  which  was  made  up  of  volcanic  materials.  In  the  beach 
descriptions,  the  backshore  areas  are  not  separated  into  berm  crest  and 
berm  back  slope  since  these  beach  areas  on  Ouam  were  not  as  pronounced  as 
on  Oahu*  Seven  vehicle  tests  were  run  on  four  beaches,  and  sand  and  cone 
index  data  were  obtained  cm  two  additional  beaches.  The  beaches  are  dc- 
scribed  in  the  following  paragraphs,  and  gradation  and  characteristics  of 
the  beach  materials  are  shown  in  plate  k  and  table  1,  respectively* 

32.  limits  Beach  is  located  on  the  vest  coast  »f  (ham  approximately 
mile  south  of  lav  Agat.  A  beach  profile  is  shown  in  fig.  18.  The  fore* 
sh  la  the  vicinity  of  the  test  area  slopes  8$  and  is  approximately  25  ft 


d.  Beach  No.  7 

Fig.  17c  and  d.  Beach  profiles  and 
cone  index  isopleths,  Kwajalein 
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vide.  The  backshore  Is  relatively  flat  and  extends  60  ft  inland  (fi g. 

18a) .  The  sand  on  this  beach  was  poorly  graded  (SP)  and  fine-textured. 

The  cone  index  for  the  0-  to  6- in.  depth  ranged  from  j2  to  68. 

33 •  Jones  Beach,  located  on  the  east  coast  of  Guam  approximately 
1-1/2  miles  north  of  Talofofo  Bay,  has  a  foreshore  approximately  kO  ft  in 
width,  with  a  1^  slope.  As  shown  by  the  profile  in  fig.  18b,  the  bach- 
shore  is  110  ft  wide  and  faiily  flat.  Sparse  vegetation  grows  on  the  back- 
shore.  The  sand  was  poorly  graded  (SP)  and  medium- textured.  The  cone  in¬ 
dex  for  the  0-  to  6-in.  depth  ranged  from  31  to  52. 


MTMCI  MtCIT 


a.  Klmltz  Beach 


•itTMtct  m  utt 


b.  Jones  Beach 

Pig.  18a  and  b.  Beach  profiles  and  cone  index 

isopleths,  Guam 

Tarague  Beach,  located  on  the  northern  coast,  midway  between 
JUtidian  Point  and  Pati  Point,  is  about  180  ft  vide*  The  foreshore  aver¬ 
ages  TO  ft  in  width  and  has  a  20£  slope;  the  backshore  is  flat  (fig*  18c). 
Tht  Mud  was  poorly  graded  (sp),  medium-  to  fine-textured.  Cone  index  for 
the  0-  to  6- in.  depth  was  to  to  1*1.  pig*  19  is  a  view  of  this  beach* 
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a.  IJCJ  Beach 


e*  Taljfofo  Bay  Beach 


Fig*  18c,  d,  and  e.  Beach  profiles  and  cone  index  isopleths,  Guam 


35*  NCG  Beach  is 
located  on  she  ve stern 
shore  about  1  mile  south 
of  Ua;uto  Point*  The 
foreshore  is  about  60  ft 
\*ide  vith  a  2C£  sloAe* 

The  bach shore  is  flat 
and  7C  ft  in  vi  '  th 
(fig*  lCu).  The  sand  ras 
j  oorly  graded  (ZP),  fine- 
t  j  medium- textured*  Cone 
index  for  the  0-  to  6- in. 
de^th  ranged  from  7d  to  86 


Fig*  19*  Guon,  Tarague  Beach 

« 


36*  Talofofo  £cu  -h  is  located  on  the  eastern  shore  near  the  nec\  of 
Talofofo  Bay.  The  foresho:  *  is  about  20  ft  vide  with  a  1C£  slo^c .  Beyond 
it  is  a  h-ft-high  scarp  (fig*  lCe) ,  exposed  to  erosion  by  vaves  during 
high  Ude.  Above  the  scarp  is  a  fairly  level  bookstore,  ho  ft  vide.  This 


b  ich  is  inaccessible  to  vhecled  vehicles* 


representative*  sample  of  soil 


h 

4  I 
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shoved  it  to  be  a  poorly  graded  (3F),  medium-  to  fine-textured  sand  con¬ 
taining  some  silt.  Range  of  cone  index  for  the  0-  to  6- in,  depth  was  32-61. 

37.  Turnon  Beach  is  located  on  the  western  shore  of  Guam,  near  the 
southern  end  of  Turnon  Bay.  As  shown 


in  fig.  20,  the  foreshore  averages 
60  ft  in  width  and  has  a  20*  slope. 
The  backshore  also  averages  60  ft  in 
width  and  slopes  downward  from  the 
foreshore.  Some  vegetation  is 
growing  on  the  backshore.  The  sand 
is  poorly  graded  (SP),  medium-  to 
fine-textured.  The  cone  index  for 


WtTAMCC  IM»««T 


Fig.  20.  Beach  profile,  Turnon  Beach 


the  0-  to  6- in.  depth  ranged  from  102  to  144. 


beaches  and  any  military 
reservation,  only  one 
Fig.  21.  Luzon,  P.  I.,  Lido  Beach  beach,  Lido,  was  tested. 

Lido  (fig.  21)  is  located 

approximately  20  miles  south  of  Manila  on  Manila  Bay.  The  foreshore  area 
tested  averages  60  ft  in  width  and  has  a 
slope  of  18*.  The  backshore  extends 
100  ft  inland  and  slopes  gently  downward 
(see  fig.  22).  The  Lido  Beach  grain- 

size  curve  showed  a  poorly  graded  (CP), 

* 

fine  to  medium  sand  (plate  4,  fig.  6, 
and  table  l).  Gone  Index  for  the  0-  to 
6- in*  depth  ranged  from  97  to  131.  Fig.  22.  Beach  profile/  Lido  Beach 


Luzon.  P.  I. 

38.  Luzon,  the 
largest  island  of  the 
Philippine  Islands  group, 
measures  some  40,1+20 
square  miles  in  area. 
Beaches  are  numerous  but 
ecause  of  the  great  dis¬ 
tance  between  most 


? 
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Midway  Atoll 

39.  Midway  Atoll  is  located  1300  miles  west  of  Oahu,  near  the  end  of 
the  Hawaiian  chain.  It  is  circular  in  shape,  the  diameter  within  the  en¬ 
circling  reef  being 
about  6  miles.  The 
atoll  Includes  two 
islands,  Sand  and  East¬ 
ern,  which  have  a  com¬ 
bined  area  of  approxi¬ 
mately  2  square  miles. 
Tests  were  performed 
only  on  Officers'  Club 
Beach  (fig.  23),  which 
is  located  on  the  north- 

Fig.  23*  Midway  Atoll,  Officers'  Club  Beach  ern  shore  of  the  lagoon 

side  of  Send  Island. 


The  foreshore  averages  60  ft  in  width 
and  has  a  slope  of  12J&.  The  back- 
shore  is  fairly  flat  and  is  75  ft 
wide  (fig.  24).  A  representative 
sample  showed  a  poorly  graded  (SP), 
fine-  to  medium-textured  sand  (plate 
4,  fig.  6,  and  table  1).  The  cons 
index  for  the  0-  to  6-in.  depth 
ranged  from  34  to  72. 

Iwo  Jina 


mww  • 


Pig.  24.  Beach  profile,  Officers' 
Club  Beach 


40.  Iwo  Jims,  the  central  one  of  three  small  islands  that  make  up 
the  Volcano  Islands  chain,  is  5  miles  long  and  2-1/2  miles  wide.  The 


northern  portion  of  the  island  is  a  ravine-cut  dome,  which  descends  south¬ 


ward  through  a  rough  plateau  and  is  connected  to  Mount  Suribachi  by  an 


isthmus.  Vehicle  tests  vers  performed  on  the  two  beaches  on  Iwo  Jims  on 
which  severe  military  losses  were  suffered  in  194$,  Bed  Beach  and  Yellow 
Beach.  Both  beaches  consisted  of  weathered  volcanic  ash. 

41.  Bed  Beach.  Bed  Beach  (fig*  2$)  is  located  on  the  vest  shore  of 
Iwo  Jims,  end  extends  approximately  2-1/2  miles  northward  from  Mount 


Fig.  25.  Ivo  Jima, 
Red  Beach 


‘•’•V#  *  - 


Fig.  26.  Beach  profile, 
Red  Beach 


Suribachi.  The  foreshore  averages  75  ft  in  width  and  has  a  20 $  slope.  The 
backshore  extends  125  ft  inland  and  has  two  herns  (see  fig.  26).  Beyond 
the  backshore  the  forward  dune  apron  extends  800  ft,  and  its  slope  averages 
15fl&.  The  dune  area  is  partially  stabilised  by  vegetation.  The  Red  Beach 
gra.ln-sise  curve  showed 
a  poorly  graded  (SP), 
fine  to  nedlvai  sand 
(plate  4,  fig.  6,  and 
table  1).  The  cone 
index  for  the  0-  to  6- 
in.  depth  ranged  fron 
24  to  l4l. 

42.  Yellow  Beach. 

This  beach  (fig.  27)  la 
located  on  the  east 

shore  of  Iwo  Jlaa  and  Fig*  27*  Xvo  Jlna,  Yellow  Beach 
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Fig.  28.  Beach  profile,  Yellow  Beach 


extends  approximately  1-1/2 
miles  northward  from  Mount 
Suritachi.  The  foreshore  xB 
75  ft  in  width  and  has  a'  2C$ 
slope.  Beyond  the  foreshore 
the  backshore  averages  45  ft 
in  width  and  slopes  slightly 
downward.  The  forward  dune 
apron  extends  U50  ft  inland, 
and  it 8  slope  averages  12f> 


(fig.  28).  The  sand  was  poorly  graded  (SP),  and  meddum-textured  (plate  4, 
fig.  6,  and  table  l).  The  cone  index  for  the  0-  to  6-in.  depth  ranged  from 


18  to  88. 


Yuma,  Arizona,  Test  Areas 


Test  Station  area 

43.  Testing  at  the  Yuma  Test  Station  (plate  3),  located  approxi¬ 
mately  25  miles  north  of  Yuma,  Arizona,  on  the  east  bank  of  the  Colorado 
River,  was  confined  to  prepared  test  lanes.  The  test  lanes  are  shovn  in 
fig.  29.  Towing  tests  were  perfc  •  *d  on  the  prepared  lanes,  but  no  single 
self-propelled  vehicle  tests. 

44.  The  test  lanes,  appi  oximately  3C0  ft  long  and  40  ft  wide,  were 
prepared  by  harrowing  to 
a  depth  of  20  in.  and 
smoothing  the  surface 
with  an  aluminum  I-beam 
attached  behind  the 
harrow.  The  test  sites 
included  one  level  area 
and  three  elopes  with 
grades  of  approximately 
10,  15,  and  20p,  re¬ 
spectively.  Analyses 

of  samples  revealed  the  Fig.  29#  Yuma  Test  station  area 


25 


sand  to  be  medium-  to  fine -textured,  with  a  small  percentage  of  fines  (see 
table  l).  A  representative  grain-size  curve  is  shown  in  fig.  ?  of  plate  4. 
Dune  area 

Vj.  Tests  were  also  conducted  in  a  sand  dune  area  referred  to  herein 
as  the  Yuma  dune  area,  although  it  is  actually  located  in  California,  ap¬ 
proximately  20  miles  west 
of  Yuma,  Arizona  (see 
plate  3)»  Fig.  30  shows 
the  general  appearance  of 
the  test  area,  which  con¬ 
sists  of  active  sand 
dunes,  some  as  high  as 
300  ft,  although  the 
majority  are  less  than 
100  ft  high.  Analyses  of 
samples  from  the  test 
area  showed  the  sand  to  Pig.  30.  Yuma  dune  area 

be  medium-  to  fine¬ 
grained.  A  representative  grain-size  curve  is  shown  in  plate  4,  and  supple¬ 
mentary  sand  data  are  presented  in  table  1.  Cone  index  for  the  0-  to  6- in. 
depth  ranged  from  21  to  l4l.  The  moisture  content  of  the  0-  to  6-in.  depth 
during  the  test  period  was  approximately  2. Oft  by  weight,  unusually  high  for 
this  area.  This  was  attributed  to  the  fact  that  the  first  general  rain  in 
about  two  years  occurred  at  the  beginning  of  testing. 

Camp  Le.leune,  N.  C. .  Test  Area 

46.  Tests  were  conducted  on  Onslow  Beach  (fig.  31)  which  is  located 
cn  he  Atlantic  Coast  within  the  reservation  boundaries  of  Camp  lejeune, 

14  C.  (see  plate  3  for  location).  It  is  approximately  5  miles  long  and 
consists  of  firm  quartz  sand.  A  beach  profile  is  shown  in  fig.  32.  Tlx? 
foreshore  ranges  in  width  from  15  to  20  ft  at  high  tide  to  as  much  as  100 
ft  during  low  tide.  The  average  foreshore  slope  is  about  £#•  Cone  index 
for  the  0-  to  6-in.  depth  ranged  from  50  to  167.  Beyond  the  foreshore  was 
very  short  forward  dune  apron  with  dune  areu  sand  extending  to  the 


Fig.  31.  Onslow  Beach, 
Camp  Lejeune 


Fig.  32.  Beach  profile, 
Camp  Lejeune 
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foreshore  in  some  areas.  Dune  area  slopes  were  short  and  steep,  with  only 
a  few  low  passages  through  the  dunes.  Gradation  curves  for  the  0-  to  6-in. 
depth  show  a  poorly  graded  (SP),  fine -textured  sand.  A  representative 
grain-size  curve  is  shown  in  plate  4,  and  supplementary  sand  data  are  pre¬ 
sented  in  table  1.  All  towed-vehlcle  tests  were  conducted  on  the  fore¬ 
shore,  parallel  to  the  water's  edge.  Tests  of  self-propelled  vehicles 
were  conducted  on  the  forward  dune  apron  and  dune  area. 


Instruments  Used  to  Obtain  Test  Data 

47.  The  cons  penet  rose  ter  for  measuring  strength  and  a  hand  level 
for  measuring  slope  were  used  throughout  the  three  test  programs.  Tire 
pressures  were  checked  with  laboratory-type  test  gages  during  all  three 
teat  programs.  Dynamometers  were  used  only  during  tbs  Tubs  and  Caag> 
Lejeune  tests;  the  slip  meter  was  used  only  at  Yimm.  These  various  items 
of  equipment  are  described  in  the  following  paragraphs. 


Sand  data 

46.  Cone  penetrometer.  The  cone  penetrometer  is  a  field  instrument 
consisting  of  a  30-deg  cone  with  a  0.5-sq-in.  base  area  mounted  on  one  end 
of  a  shaft  in  such  a  way 
that  it  can  be  forced 
into  the  soil  by  hand. 

The  penetrometer  in  use 
is  illustrated  in  fig. 

33.  A  proving  ring  and 
calibrated-dial  assembly 
are  mounted  on  the  other 
end  of  the  shaft  and  are 
used  to  measure  the  load 
applied.  The  penetra¬ 
tion  resistance  (read 
from  the  dial)  is  termed 
cone  index  (see  ’’Definitions").  This  is  the  same  instrument  used  to 
measure  the  trafficability  of  fine-grained  soils. 

49#  Han"  level.  A  hand  level  accurate  to  0m%  was  used  for  deter¬ 
mining  the  slope  prior  to  each  vehicle  test.  Sloi>e  readings  were  made  by 
placing  the  hand  level  in  the  center  of  a  6- ft  plank  adjacent  to  the  ve¬ 
hicle  and  parallel  to  the  vehicle  path.  Slope  measurements  recorded  ./ere 
the  average  of  several  measurements  around  the  vehicle. 

Vehicle  data 

50.  Tire-pressure  gage.  The  laboratory-type  test  gages  used  to 
regulate  tire- Inflation  pressures  during  the  tests  were  accurate  to  0.29 
pel  throughout  the  range  of  tire  pressures  tested.  Fig.  34  shows  a  tire- 
pressure  check  being  made  on  one  of  the  test  vehicles. 

l,l.  Dynamometers.  The  dynamometers  used  were  electrically  recording 
load  cells  suitable  for  measuring  forces  in  tension  by  translating  changes 
in  force  into  changes  in  electrical  energy.  These  load  cells  are  hermeti¬ 
cally  sealed  and  operate  without  mechanically  moving  ports.  T.  .e  sensing 
element  is  a  high-strength  load-carrying  member  to  which  are  bonded  sjecial 
.3* -4  strain  gages  that  undergo  resistance  changes  precisely  proportional  to 
applied  strain.  The  dynamometers,  used  to  measure  drawbar  pulls  during  the 


Fig.  33*  Cone  penetrometer  in  u3e 


Pig.  3^*  Tire -pressure  check  before  testing 


toi/ing  and  towed  tests,  were  connected  between  the  test  vehicle  and  the 
load  vehicle,  and  measured  tk  •  amount  of  pull  exerted  by  the  towing  ve¬ 
hicle.  Dynamometers  ranged  in  capacity  from  1CC0  to  50,CC0  lb,  depending 
upon  the  amount  of  force  to  be  measured. 

52.  Slip  meter.  The  distance  a  point  on  the  periphery  of  a  wheel  or 
track  traveled  during  a  given  time  and  the  distance  the  vehicle  traveled 
during  the  same  time  were  determined  by  a  slip  meter.  The  meter  recorded 
the  number  of  revolutions  the  vehicle  wheel  made  while  propelling  the  ve¬ 
hicle,  and  the  number  of  revolutions  made  by  a  nonslijjplng  bicycle  wheel 
trailing  the  test  vehicle  and  attached  to  it. 

53«  Recorder  for  dynamometer  and  slip  measurements.  During  the 
drawbar- 8 lip  teats  the  force  exerted  on  the  dynamometer,  and  the  events 
experienced  by  the  slip  meter  were  amplified  and  recorded  simultaneously  as 
traces  on  paper  tape  moving  through  a  six-channel  direct-inking  recorder. 
Tests  with  the  2-1/2-ton  M135  utilized  all  six  channels,  since  electrical 
contacts  were  placed  on  four  rear  wheels  and  the  bicycle  wheel,  and  one 
channel  i/a s  required  for  recording  the  dynamometer  measurements.  To^ed- 
vehlcle  tests  utilized  a  smaller  recorder  of  the  Mae  type  since  only  one 


Fie*  Y*  Towing  tests,  drawbar  pull 

fir.  35.  Electric  cables,  connecting  the  test  vehicle  and  the  instrumented 
vehicle,  transmitted  the  measurements  to  the  recorder.  For  the  simple 
to\'ed-vehicle  tests,  recorder,  amplifier,  and  pewter  supply  were  mounted  in 
the  towing  vehicle. 

Vehicles  Tested 


Pacific  islands 

55.  The  vehicles  tested  were  furnished  by  military  units  on  each 
island.  They  included  the  l/U-ton  M38A1  Ux4  truck,  the  3A*ton  137 
true/;,  the  2-l/2-ton  I-u?ll  6x6  truck,  the  2-1/2- ton  1215  6x6  true-.,  and  an 
unnumbered  2-l/C-ton  6x6  truck.  These  vehicles  are  sho<m  in  figs.  3 6 
and  37*  The  test  vehicles  were  equipped  with  standard  equipment  and  tires, 
except  that  the  2-1/2- ton  1215  was  tested  with  six  11*00x20  12-ply  tires, 
single  tandem  (this  vehicle  normally  is  equipped  with  ten  9*00x20  tires)- 
All  the  vehicles  were  tested  at  their  rated  off-hi/gs/ay  payload  (nominal 
capacity)  and,  in  addition,  the  1215  was  tested  at  out-half  the  rated  pay- 
load,  and  the  1211  was  tested  eapty.  Vehicle  weights,  teat  leads,  sad  tire 
descriptions  are  shown  In  the  tabulation  on  pegs  3?;  additional  vehicle 
data  are  given  in  table  2* 


m  a 


a.  1/4-ton  M3&V1 
4x4  truck 


c.  2-1/2-ton  M2U 
6*6  truck 


d.  2-1/2- ton  K215 
6*6  truck 


uNd  la  taata 


b.  2-l/2-ton  M135 
6x6  truck 


c.  5-ton  MUl 
6x6  truck 


d.  5-ton  M51* 
6x6  truck 


Stlf-propolltd  vhotXad  rahicita  uitd  in  toata 


*? 


Fig.  37. 
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Vehicle 

Vehicle  1/t. 

lb 

Tire 

Data 

Empty 

Approx 

Load 

Gross 

Size 

Ply 

Hating 

Mo. 

l/4-ton  M38AI  4x4  truck 

2,625 

500 

3,125 

7.00x16 

6 

4 

3/4 -ton  K37  4x4  truck 

5,917 

1,500 

7,417 

9.00x16 

3 

4 

2-1/2-ton  M211  6x6  truck 

13,120 

0 

13,120 

9.00x20 

8 

10 

13,120 

5,000 

18,120 

9.00x20 

8 

10 

2-l/2-to n  M215  6x6  truck 

14,8^) 

2,500 

17,320 

11.00x20 

12 

6 

14,820 

5,000 

19,820 

11.00x20 

12 

6 

2-l/2-ton  6x6  true!; 

11, oco 

4, SCO 

15,800 

0.25x20 

mm 

6 

56.  The  truck  weights  were  taken  from  the  identification-data  plates 
inside  the  cab;  however,  the  2-l/2-ton  6x6  truck  used  on  Kwujalein  had  no 
identification  data  and  its  wight  was  estimated.  This  truck  was  very  old 
but  still  functioned  well.  Its  tire  size  was  8.25x20,  which  apparently 
was  not  standard  for  the  truck.  The  drive  shaft  of  the  3/4 -ton  truck,  used 
on  Guam  broke  during  a  difficult  maneuver  on  the  foreshore  of  NCS  Beach. 
Otherwise,  all  vehicles  tested  appeared  to  be  in  very  good  mechanical 
condition,  and  were  able  to  spin  their  wheels  when  immobilized.  The  tires 
on  most  of  the  vehicles  tested  were  worn,  but  otherwise  in  good  condition 
(no  large  cuts  or  bulges). 

Yuma,  Arizona 

57.  The  vehicles  tested  w*.re  furnished  by  the  Yum  Test  station  and 
are  shown  in  figs.  3 6,  37,  and  3$«  All  wheeled  vehicles  were  equipped  with 
standard  military,  nondirectional,  cross-country  tires.  The  following 
table  lists  the  -/chicles  tested  and  pertinent  vehicle  data;  additional  ve¬ 
hicle  data  are  given  in  table  2. 


i /heeled  Vehicles 


Vehicle  Wt, 

lb 

Tire  Data 

Vehicle 

\pprox 

Empty  Load 

Gross 

Ply 

3ize  Rating  Mo. 

l/4-ton  H38A1  4x4  true;; 

2,475  500 

2,975 

7.00x16  6  1: 

3/4-ton  M37  4x4  truck 

5,645  0 

750 
1,500 
2,300 

5, Us 

6,275 

7,oe5 

7,605 

9.00x1 6  0  4 

2- i/2- ton  M135  6x6  truck 

12,450  0 

2.500 
5,000 

7.500 
10,000 

(Continued) 

12,450 

35,000 

17, 330 

20, 50C 
22,705 

11.00x20  12  C 

a.  l/4-ton  K29C  cargo 
carrier  (vaaael) 


b.  Id-ton  M4A2  lu* 
■patd  tractor 


c.  38-ton  MS  hi- 
ipttd  tractor 
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Wheeled  Vehicles  (Confd) 


"™“  v«Wci.  wt.  ib 

Tire  Data 

Vehicle 

Approx 

Empty  Load  Gross 

Size 

Ply 

Rating 

No. 

5 -ton  M4l  6x6  truck 

18,1X5  0  18,115 

5,000  2<t,275 

10,000  28,175 
15,000  32,380 

li*.  00x20 

12 

6 

5 -ton  I£j4  6x6  truck 

20,635  10,000  30,635 

11.00x20 

12 

10 

Tracked  Vehicles 

Vehicle  Wt.  lb  Track  Dim. 

Average 

Vehicle 

Approx  Length 

Empty  Load  Gross  in. 

Width  Contact 

in.  Pressure,  psi 

l/4-ton  M29C  weasel 

5,970  0  5,970  78 

1,000  6,970 

20 

1*9 

O  O 

Cite 

18-ton  M4A2  hi-speed 
tractor 

36,910  0  36,9_3  126 

24 

6.1 

38-ton  M6  hi-speed 
tractor 

76,000  0  76,000  176 

22 

9*8 

58.  All  vehicles  appeared  to  be  In  good  mechanical  condition  and, 
with  the  exception  of  the  M135  vhen  loaded  vith  10,000  lb,  each  vehicle  was 
able  to  spin  its  wheels  or  tracks  vhen  inaobilized  while  operating  under 
full  load*  Testing  with  the  M4l  loaded  with  15, COO  lb  was  limited  because 
severe  side-wall  buckling  of  the  tires  occurred  when  the  truck  was  operated 
vith  tires  inflated  to  10-psl  pressure. 

Lc.leune.  N.  C. 


•*- » i«i  . 


59*  The  wheeled  trailers  tested  were  furnished  by  the  Motor  Officer 
at  Camp  Lejeune  and  are  shown  in  fig.  39*  The  self-propelled  tests  were 
conducted  with  vehicles  of  the  types  shown  in  figs.  36a  and  b,  and  fig. 
37b.  The  following  table  lists  the  vehicles  tested  and  pertinent  vehicle 
data;  additional  vehicle  data  are  given  in  table  2. 


Vehicle 


Approx 


JlrgJfeta 

Ply 


Sl«.  Hating  Ho. 


3>  if -propelled  vehicles 

1/4-ton  M38A1  4x4  truck  2,775  200  2,775 

3/4-ton  M37  4x4  truck  6,067  0  6,067 

2-1/2-ton  M135  6x6  truck  12,450  5,000  17,450 

(Continued) 


7*00x16 

9*00x16 

11.00x20 


6 

8 

12 


4 

* 

h 

6 


a.  1 


b.  3 


( 


36 


Vehicle 


Vehicle  Wt. 
Approx 


Iross 


Tire  Data 
Ply 

31 ze  Rating  No, 


l/4-ton  iaOO  cargo 
trailer  569 

3/4-ton  1*0.01  cargo 

trailer  1, 339 

l-l/2-ton  XM105  cargo 

trailer  2,450 

37,5 -kw  generator 

trailer  7, 153 

6- ton  cargo  trailer  10,960 


60.  All  vehicles  tested  ’./ere 
wheeled  trailers  were  equipped  with 
four-wheeled  trailers  were  equipped 
tires. 


0 

569 

7.00x16  6 

0 

250 

782 

500 

1,127 

750 

1,211 

750 

2,089 

9.00xlC  8 

2 

1,500 

2,960 

2,250 

3,679 

1,500 

4,110 

9.00x20  8 

2 

3,000 

5,648 

4,500 

7,482 

0 

7, 153 

7.00x20  8 

h 

0 

10,960 

10.00x20  10 

k 

6,000 

-7,lCo 

(front) 

12,000 

25,520 

11.00x20  12 

1 

(rear) 


in  good  conaition.  Hie  three  two- 
standard  military  tires,  and  the  two 
with  standard  cossnercially  available 


Cl.  The  tests  ’/ere  of  three  types:  single  self-propelled  vehicle 
tests,  towing  tests,  and  towel-vehicle  tests.  A  single  self-propelled  ve¬ 
hicle  test  indicated  the  ability  of  the  vehicle  t*  negotiate  various  sand 
conditions  and  slopes.  Towing  tests  wars  made  for  Wo  general  purposes: 
to  determine  the  maximal  drawbar  (tewing)  force  the  test  vehicle  could 
exert  while  moving  slowly  forward  over  a  range  of  soil  conditions  and 
slopes,  and  to  develop  drawbar  pull-slip  relations.  The  towed -vehicle 
tests  were  nude  to  measure  the  force  required  to  tow  a  given  vehicle.  T he 
foUoving  paragraphs  ennaarate  the  types  of  tests  and  aabe:  of  MCfc  tjfj* 
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conducted  with  each  vehicle  for  each  of  the  three  general  test  areas, 
Pacific  islands,  Yuma,  and  Camp  Lejeune. 

Pacific  islands 

62.  In  this  test  program,  2k  beaches  located  on  7  islands  were 
visited,  Vehicle  tests  were  not  conducted  on  10  of  these  beaches,  but  soil 
classification  and  cone  index  data  were  collected.  The  vehicle  tests  on 
the  other  ll  beaches  were  all  of  the  single,  self-propelled  vehicle  type, 

63,  Single  self-propelled  tests.  The  following  table  shows  the 
numbei  of  tests  conducted  at  each  beach  with  each  wheeled  vehicle. 


Number  of  Vehicle  Tests 
Vehicle _ 


Island 

Beach 

l-noAi 

m 

H211 

M215 

2-1/2-TT 

Total 

Oahu 

Mokuleia 

7 

6 

— 

J 

- 

17 

Drone 

8 

— 

— 

— 

- 

8 

Ml.  hue 

12 

57 

11 

13 

- 

153 

Crescent 

m  m 

h0 

1U 

7 

- 

61 

Bunker 

Ik 

m  m 

20 

. j 

- 

37 

Kwajalein 

5 

— 

1 

m  m 

-- 

- 

1 

6 

— 

U 

mm 

-- 

3 

7 

7 

— 

— 

— 

-- 

1 

1 

Guam 

Nimitz 

mm 

1 

mm 

.. 

- 

1 

Jones 

m  m 

2 

— 

-- 

m 

2 

Parague 

-- 

3 

-- 

-- 

- 

5 

J 

Luzon 

Lido 

— 

1 

— 

— 

m 

1 

Twc  -..*1 

Red 

Ik 

20 

mm 

m 

% 

Yellow 

— 

15 

mm 

* 

17 

Total 

75 

150 

111 

57 

u 

357 

fsts.  The  beaches  on  which  cone  index  and  soil  data  were 


obtained  but  no  vehicle  tests  performed  are  as  follows; 


lMisai 

Oahu 


Ifevaii 


Pokai  Bay  1 
Pokai  Bay  2 

ms> 


last 

Kalapma 


_ _ 

Kwajalein 

Otan 

Midway  Atoll 


Offi ©era*  Club 
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Yuma,  Arizona 

65.  Single  self-propelled,  tests.  Four  wheeled  vehicles  (M38AI,  M37, 
M135,  and  Nftl)  were  tested  at  various  tire  pressures  on  slopes  in  the 
natural  dune  area.  \11  the  vehicles,  with  the  exception  of  the  M30A1,  were 
also  tested  at  various  payloads.  The  following  tabulation  shows  the  number 
of  tests  conducted  with  each  vehicle. 

Number  of  tests 
With  Each  Vehicle  Total 

Eh  ESI  32  teats 

ii*  102  122  167  1*05 


66.  Towing  tests.  Maximum-drawbar-pull  tests  (d)  were  conducted  on 
natural  and  prepared  level  and  sloping  terrain  with  five  wheeled  vehicles 


(M38A1,  1437,  M135,  M4l,  and  M5’0  and  three  tracked  vehicles  (M29C,  M4A2, 
and  Il6);  drawbar  pull-slip  (3)  characteristics  were  determined  only  for  the 
M135  2-l/2-ton  truck  and  the  M29C  weasel.  The  number  of  tests  conducted 
with  each  vehicle  on  prepared  lanes  and  in  the  sand  dunes  is  listed  below. 
_ Number  of  Vehicle  Tests _ 


Wheeled  Vehicles _  Tracked  Vehicles 


Test 

M38A1 

JSL 

M135 

M41 

Total 

Mg* 

MA2 

J£_ 

Total 

Area 

XL 

2 

2_ 

2 

IL 

n 

XL  2 

22 

2. 

n 

2- 

r* 

2 

2 

2 

2 

2- 

g 

Pre¬ 

pared 

lanec 

6 

0 

5 

0 

31 

50 

15  0 

7  0 

CU 

50 

13 

32 

k 

0 

3 

0 

20 

32 

Sand 

dunes 

k 

0 

10 

0 

2 

0 

0  0 

0  0 

16 

0 

3 

0 

5 

0 

0 

0 

8 

0 

— ~ 

— 

— — 

— 

— 

— 

—  — 

—  — 

— 

— — 

— 

— 

— 

— 

— 

— 

— 

— 

Total 

10 

0 

15 

0 

33 

50 

Vj  0 

7  0 

80 

50 

16 

32 

9 

0 

3 

0 

28 

32 

•liLifl! 


le.leune,  N.  C. 

67.  At  Coop  Lejeune,  single  self-propelled  terts  were  conducted  on 
slopes  with  three  vehicles.  Toved-vehicle  testa  were  conducted  with  five 
trailers,  at  various  loads  and  tire  pressures,  on  undisturbed  sand  (by 
towing  the  trailer  with  a  long  cable,  see  fig.  UO,  page  »1),  and  disturbed 
sand  (by  towing  a  trailer  coupled  directly  behind  the  towing  vehicle,  see 
fig*  39)*  No  towing  tests  were  conducted. 

-  68.  Single  self-propelled  tests.  Three  wheeled  vehicles  (M38AI, 
1427,  ?nd  VH15)  loaded  to  nominal  capacities  were  tested  at  various  tire 
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pressures  on  dune  slopes.  The  number  of  tests  made  with  each  vehicle  is 


as  follows: 

Number  of  Tests 

Total 

M3&1  JfiZ  UL2£ 

Tests 

17  29  37 

83 

Tests  with  wheeled  trailers  were  conducted 
on  undisturbed  sand,  disturbed  sand,  and  asphalt  pavement.  The  following 
tabulation  shows  the  number  of  tests  conducted  with  each  vehicle. 


Test  Surface 

Undisturbed  sand 
Disturbed  sand 
Asphalt  pavement 

Total  48  36 


XM105 

Generator 

6- ton 

Total 

12 

4 

12 

56 

12 

4 

12 

56 

12 

4 

12 

56 

— 

— 

— 

___ 

36 

12 

36 

168 

Vehicle-test  Procedures  and  Data  Obtained 
Single  self-propelled  testa 

70.  All  single  self-propelled  tests  were  performed  in  the  same 
nanner  insofar  as  possible.  Most  of  the  tests  on  the  Pacific  islands  were 
performed  with  vehicles  loaded  to  their  off-road  payload  capacities;  the 
loads  were  secured  to  prevent  shifting.  The  tests  at  Yum  were  performed 
vith  vehicles  empty  and  loaded  to  l/2,  1,  and  1-1/2  times  their  off-road 
payload  capacities.  Tire  pressures  were  carefully  regulated  and  checked 
before  each  test.  The  same  driver  was  used  with  the  same  vehicle  Insofar 
as  possible.  Each  test  was  made  with  the  vehicle  traveling  in  a  straight- 
line  path  in  low  gear,  low  range,  at  slot/,  steady  speed,  and  with  all 
wheels  driving.  Since  previous  tests  had  indicated  that  the  first  pass  was 
the  most  difficult  one  to  make  In  sand,  the  testa  reported  L  i  ein  were  con¬ 
cerned  only  with  one-pass  traffic.  Test  areas  were  selected  on  the  basis 
of  accessibility,  surface  smoothness,  and  ab.  met  of  vegetation  or  litter, 
lhe  tests  conducted  on  beaches  were  run  both  parallel  sad  perpendicular  to 
the  water's  edge.  Soils  date  were  obtained,  vehicle  performance  was  ob- 
ltnidi  pertinent  notes  were  recorded* 
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Towing’  tests 

71.  The  vehicle-performance  data  obtained  in  these  tests  consisted 
of  notes  concerning  immobilizations,  general  ease  or  difficulty  with  which 
the  vehicle  traversed  the  test  area,  spinning  or  Jerking  of  wheels,  ana 
other  pertinent  observations.  These  data  are  included  in  tables  3“7* 

72.  Maximum  drawbar  pull.  The  max  iraum-  drawbar  -  pull  tests  were  per¬ 
formed  on  prepared  lanes  and  dune  slopes  at  Yuma  with  the  test  vehicle 
towing  a  second  vehicle  by  means  of  a  cable.  As  the  train  moved  slowly 
forward,  the  load  was  gradually  increased  (by  application  of  the  brakes  on 
the  towed  vehicle)  until  a  load  condition  was  established  that  was  thought 
to  be  just  short  of  that  which  would  cause  immobilization  of  the  test 
vehicle.  This  maximum  drawbar  pull  was  verified  if  a  slight  increase  in 
load  caused  a  halt  in  the  forward  progress* 

73.  The  data  obtained  consisted  of  continuous  measurements  of  draw¬ 
bar  pull  recorded  on  an  oscillograph.  The  maximum  drawbar  pull  for  each 
test  was  noted  and  is  given  in  table  8. 

74.  Drawbar  slip.  Drawbar-slip  tests  were  conducted  in  the  same  way 
as  the  maximum-drawbar-pull  tests,  except  that  at  several  stages  between  no 
drawbar  pull  and  maximum  drawbar  pull  records  were  obtained  of  the  forward 
speed  of  the  vehicle  and  the  absolute  speed  of  the  track  or  wheel  as  well 
as  of  drawbar  pull.  The  first  two  measurements  permitted  the  computation 
of  slip.  These  data  are  also  given  in  table  8. 

Towed  tests 

75.  In  these  tests,  conducted  on  asphalt  pavement  and  sand  at  Camp 
bejeune,  a  dynamometer  attached  to  a  cable  between  the  towing  and  towed, 
trailer-type  vehicles  was  used  to  measure  the  towing  force.  Repetitive 
tests  in  the  same  path  were  not  performed. 

7 6.  The  vehicle  data  obtained  consisted  of  towing  force  required  to 
move  the  towed  vehicle  at  a  slow,  steady  speed;  these  data  are  given  in 
table  9* 

77.  Long-couslea  tests.  Tests  in  which  a  long  cable  was  used  be¬ 
tween  the  two  vehicles  permitted  the  offsetting  of  the  towing  vehicle 
slightly  so  that  the  towed  vehicle  straddled  the  ruts  created  by  the  towing 
vehicle  and  thus  traveled  on  undisturbed  sand*  A  specially  built  sled  was 
used  to  support  the  tongue  of  a  two-wheel  trailer  In  these  tests*  This 
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Fig.  ^0.  Long-coupled  hitch  for  towed 
tests.  Camp  Lejeune 

sled  also  contained  the  dynamometer,  which  was  positiontd  to  the  rear  of 
tlie  sled  so  that  it  measured  only  the  force  required  to  pull  the  trailer 
(see  fig.  Uo). 

78.  Short* coupled  tests.  The  force  required  to  tow  a  trailer  con¬ 
nected  to  the  drawbar  pintle  of  the  towing  vehicle  in  normal  fashion  also 
wets  measured  by  means  of  a  dynamometer  between  the  two  vehicles*  In  these 
teats  the  towed  vehicle  usually  operated  in  sand  that  had  been  disturbed  by 
ttie  towing  vehicle. 


Sand  Data  Obtained 


Cone  index 

79*  In  the  self-propelled  tests,  when  a  vehicle  had  successfully 
traversed  a  given  area,  it  was  halted,  and  a  number  of  cone  index  measure¬ 
ments  were  made  along  its  path.  The  measurements  were  made  fairly  close  to 
the  ruts  but  at  a  distance  believed  to  be  outside  the  son*  of  soil  actually 
disturbed  by  the  vehicle.  When  a  vehicle  was  immobilised,  the  cone  Index 
readings  were  mode  in  the  undisturbed  areas  along  both  aides  cf  the  ve¬ 
hicle.  These  readings  were  made  at  the  surface  and  at  3* in*  vertical 
increments  to  a  depth  of  at  least  15  in.  Ten  sets  of  cone  index  readings 
usually  were  mode  for  each  test.  Average  cone  indexes  for  each  depth  and 


each  test  are  shown  in  tables  3-8.  The  cone  index  averages  for  the  0-  to 
6-,  6-  to  12- ,  and  0-  to  12- in.  depths  are  also  shown. 

60.  For  the  towing  tests,  cone  indexes  representative  of  the  area  in 
which  the  maximum  drawbar  pull  occurred  are  shown  in  table  8.  In  the 
tables  of  data  obtained  in  the  towing  and  toved-vehicle  tests,  tables  8 
and  9,  cone  index  is  given  only  for  the  0-  to  6- in.  depth. 

81.  In  towed-vehicle  tests  cone  indexes  were  determined  before  traf¬ 
fic  and  in  the  ruts  after  passage  of  the  vehicle.  This  was  not  done  in  the 
single  self-propelled  tests  since  previous  studies  on  coarse-grained  soils 
have  shown  that  trafficability  of  the  soil  usually  improves  with  traffic 
even  though  the  cone  index  does  not  necessarily  increase.  Average  cone 
indexes  for  each  test  are  shown  in  table  9* 

Moisture  content 

82.  Quantitative  moisture -content  determinations  were  wot  made  for 
each  individual  test  because  the  small  variation  in  moisture  content  that 
might  have  occurred  between  tests  on  the  same  component  of  a  beach  did  not 
justify  the  time  required  to  make  such  measurements.  However,  a  qualita¬ 
tive  moisture  content  in  one  of  the  five  categories  defined  below  was 
selected  for  each  test  on  the  basis  of  appearance  and  feel  of  the  sand  and 
is  shown  in  tables  3-8.  Quantitative  measurements  of  moisture  content  were 
made  for  each  major  test  area,  and  are  tabulated  in  paragraph  GU. 

83.  The  five  categories  of  qualitative  moisture  cortents  are  defined 
as  follows : 

a.  Dry  sroU.  Sand  that  was  light-colored,  loose,  and  free- 
flowing  when  poured  from  the  hand  was  termed  "dry.”  Dry 
sand  usually  occurred  on  the  surface  of  all  components  of 
the  beaches  except  the  foreshore,  but  seldom  extended  deeper 
than  5  in.  before  becoming  moist.  Where  test  data  are 
available  for  coeparison,  sand  classed  as  dry  on  the  basis 
of  visual  observation  contained  less  than  l,%  moisture  by 
weight. 

b.  Moist  sand.  "Moist"  sand  usually  lay  directly  beneath  the 
dry  sand  layer.  It  was  usually  darker  in  color,  showed 
slight  cohesion,  and  was  cooler  to  the  touch.  In  general, 
moist  sand  was  found  to  contain  about  1.5  to  %0  per  cent 
moisture  by  weight  when  actual  moisture-content  determina¬ 
tion*  were  made. 

£.  Wet  send.  Sand  on  the  foreshore  that  was  being  wetted  by 
waves  bit  was  not  under  a  finite  depth  of  water  during  the 
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time  of  testing  was  tensed  "wet."  Wet  sand  exhibited  a 
considerable  amount  of  cohesion,  and  free  water  could  be 
squeezed  out  of  it. 

d.  Inundated  sand.  Sand  covered  by  water  during  the  time  of 
"*  testing  was  termed  "inundated."  This  term  refers  to  that 

portion  of  the  foreshore  at  the  time  actually  covered  by 
water  from  wave  action.  MOTE:  A  spot  on  the  foreshore 
"inundated"  at  one  moment  during  the  uprush  of  a  wave  might 

become  "vet"  a  few  seconds  later  when  the  wave  receded. 

* 

e.  Quick-condition  sand.  Lcoue,  yielding,  wet,  or  more  com- 
*"  monly,  inundated  sand  that  had  water  flowing  through  it 

vertically  and  became  liquefied  under  the  moving  wheels 
of  a  vehicle  (thereby  causing  immobilization  of  the  vehicle) 
was  termed  "quick."  (Erosion  of  the  sand  away  from  the 
wheels  contributed  to  the  immobilization.) 

A  discussion  of  the  effect  of  sand  in  these  five  moisture  categories  on 

vehicle  performance  is  presented  in  paragraphs  90  and  91* 

84.  Quantitative  moisture  contents  for  beaches  on  Oahu  and  the  Yuma 

Test  Station  and  dune  areas  are  shown  in  the  following  table.  Moisture 

contents  for  Camp  Lejeune  tests  are  shown  In  table  9  and  are  averages  of 

several  moisture-content  values  obtained  in  a  series  of  tests  on  the  same 


area  of  beach. 


Moisture  Content  (Per  Cent) 

Location 

Remarks 

Oahu 


Makua  Beach 


Foreshore 

5.9 

7.2 

8.4 

6.8 

Berm  crest 

3.8 

4.6 

4.9 

5.3 

Berm  backslope 

2.2 

3.6 

4.6 

4.4 

Forward  dune  apron 

2.2 

3.2 

4.4 

4.6 

Dune  area 

HokuKU  Pt»ch 

1.2 

3.4 

4.1 

7.2 

12-  to  lB-in.  depth  con¬ 
tained  some  silt 

i  « shore 

6.0 

7.8 

7.6 

— 

Bern  crest 

5.7 

6.0 

6.7 

— 

Forward  duns  apron 

1.1 

1.9 

4.5 

... 

Dune  area 

Crescent  Batch.  Ares  1 

Foreshore 

0.7 

2.6 

5.5 

(mar  «.t») 

25*1 

24.1 

26.0 

— 

Free  water 

Foreshore  (inland) 

7.1 

13.9 

23.6 

3*  to  22- la.  depth  con¬ 
tained  fret  water 

(Continued) 

* 
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Moisture  Content  (Per  Cent)  (ContM) 


_ Location 

Oahu  (ContM) 

Crescent  Beach. 

Area  1  (Cont^) 

Berm  crest 
Forward  dune  apron 

Crescent  Beach.  Area  2 

Foreshore 

Berm  crest 

Berm  backs lope 
Forward  dune  apron 

Bunker  Beach,  Area  1 

Foreshore 
Berm  crest 
Berm  backslope 
Forward  dune  apron 

Bunker  Beach.  Area  2 

Foreshore 
Berm  crest 
Berm  backslope 

Drone  Beach 

Foreshore 
Berm  crest 
Forward  dune  apron 
Dune  area 

Yuma,  Arizona 

Test  Station  area 
Dune  area 


Depth,  in. 

2=2_ 

5.7 

7.3 

8.3 

10.1 

0.9 

3.4 

4.8 

3.9 

10.5 

13.6 

20.5 

24.4 

11.3 

8.1 

17.1 

20.3 

5.5 

8.3 

m  m  m 

7.8 

1.8 

2.8 

4,4 

3.3 

4,6 

6.5 

3.5 

3,4 

4.1 

4.3 

5.2 

6.7 

1 , 1 

1.9 

3.6 

4.2 

0.9 

1.9 

4.3 

4.1 

5.2 

7.9 

10.4 

7.3 

9.6 

8.3 

8.8 

d.  3 

3.8 

4.6 

5.6 

7.3 

4.2 

5.9 

0.4 

mmm 

4.8 

6.2 

6.6 

— 

0.5 

1.0 

5.1 

— 

0.5 

2.7 

4.5 

— 

0-6 

6-12 

4.0 

1.6 

1.9 

1.1 

Remarks 


6-  to  lo-in.  depth  con¬ 
tained  free  water 
6-  to  18-in.  depth  con¬ 
tained  free  water 


Slones 

6>.  The  slope  for  each  test  area  was  determined  as  described  in 
paragraph  42.  If  a  vehicle  negotiated  a  slope,  several  slope  readings  were 
made  In  the  area  of  maxima,  slope;  however,  if  the  vehicle  was  immobilized, 
slope  readings  were  made  along  both  sides  of  the  vehicle  at  the  site  of  the 
immobilization*  dope  measurements  for  each  test  are  shown  in  tables  3*8* 


V 

Rut  depth 

66.  Rut-depth  measurements  were  made  for  most  tests;  however,  they 
are  not  reliable  as  a  measure  of  vehicle  performance  in  cases  of  immobili¬ 
zation  or  difficult  travel  because  in  some  immobilizations  the  vehicle  was 
allowed  to  spin  its  wheels  longer  than  in  others.  In  tests  where  the 
vehicle  left  a  smooth  rut,  the  rut  depth  was  measured  as  the  vertical  dis¬ 
tance  from  the  original  sand  surface  to  the  bottom  of  the  rut.  i/here 
spinning  occurred  and  the  rut  surface  was  not  easily  distinguishable,  the 
rut  depth  was  determined  by  measuring  from  the  center  of  the  wheel  to  the 
original  sand  surface  and  then  subtracting  that  distance  from  the  distance 
between  the  center  of  the  wheel  and  the  bottom  of  tlie  tire,  which  was 
determined  while  the  wheel  was  resting  on  a  flat  rigid  surface.  Rut -depth 
measurements  for  each  test  are  shown  in  tables  3*9#  and  several  rut  con¬ 
figurations  are  shown  in  figs.  41  and  42. 


ifk-toa  M07  truck 


Moist  mad,  Mskm  B—  oh, 
2-1/2-t et  M211  truck 


a.  Moist  sand  dune  area, 
Yuan,  Arizona,  2-1/2- 
ton  M135  truck 


c. 


wet  aaikd,  Creaoent  Bee  oh, 
liquefaction  la  one  rat, 
2-1/2- too  N219  truck 


fl|.  is*  Cue  peee  rut  dielpe 
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PART  III;  ANALYSIS  OF  DATA  I 

f 

87.  The  data  collected  in  this  test  program  are  analyzed  under  four 

I 

headings:  Single  Self-propelled  Testa,  Towing  Tests,  Towed-vehicle  Tests, 
and  Notes  and  Observations*  The  conditions  and  assumptions  upon  which  the 
analysis  is  based  are  described  in  the  following  section. 

i 

i 

I 

Basis  of  Analysis  j 

I 

i 

1 

Send  types  j 

88.  Three  principal  types  of  sand  were  tested  in  this  program:  j 

coral,  volcanic,  and  quarts.  The  coral  and  volcanic  sands  were  tested  in  ! 

the  Pacific  islands,  and  the  quarts  sand  was  tested  in  the  vicinities  of 

Yuma  and  Camp  Lejeune.  Field  observations  and  preliminary  analysis  of  the  j 

data  revealed  no  significant  difference  in  the  performance  of  the  test  j 

vehicles  as  a  result  of  sand  type;  therefore,  all  similar  vehicle  tests  on  *  f 

sand  are  grouped  together  for  analysis  purposes. 

Sand-trafficabilitv  catenories  \ 

89.  In  the  pilot  study,  1M  3*240,  13th  Supplement,  two  broad  cate-  j 

gories  of  sands  were  recognized  from  a  trafficability  standpoint,  clean 

sands,  and  sands  with  fines,  poorly  drained.  Sand  in  the  latter  category,  j 

I 

when  nearly  saturated,  reacts  to  traffic  in  u,  Banner  similar  to  fine-  J 

grained  soils.  It  generally  contains  more  than  7$  fines.  From  the  sand 

data  reported  herein  it  is  apparent  that  all  soils  tested  were  in  the 

clean- sand  category.  The  sand  in  the  Yurja  dune  area  contains  about  7 $ 

fines  and  may  possibly  react  as  a  sand  with  fines,  poorly  drained,  but  it 

is  in  a  desert  area  where  the  moisture  content  of  the  soil  does  not  attain 

a  high  enough  level  to  permit  a  poorly  drained  condition  to  develop. 

Holrtur.  cteaorU. 

90.  These  categories  are  defined  in  paragraph  83.  It  was  expected 
that  the  moisture  content  of  a  sand  would  play  an  important  part  in  its 
trafficability  characteristics.  Dry  sands  were  exacted  to  be  loose  and 
yielding  at  the  surface  under  the  boriaoiital  shearing  action  of  a  wheel  and 

thus  have  poor  traction  capacity.  Hoist  sands  were  expected  to  have 

% 

bearing  capacities  at  leant  as  high  ae  that  of  dry  sand  and  higher  traction 

i 


capacities  because  of  increased  cohesion  between  grains  due  to  capillary 
pressures.  Gone  increase  in  trafficability  was  expected  with  further  in¬ 
crease  in  moisture  content  for  the  same  reason.  However,  at  some  stage  of 
Increasing  moisture  content  (at  or  near  saturation),  it  was  expected  that 
the  intergranular  pressure  would  be  partially  relieved  by  the  development 
of  pressure  in  the  pore  water  and  that  the  bearing  and  traction  capacities 
would  be  reduced.  This  condition  was  anticipated  in  Inundated  or  sub¬ 
merged  sands  because  of  buoyancy.  In  sands  with  a  definite  flow  of  water 
through  them,  and  especially  an  upward  flow  or  gradient,  liquefaction  of 
the  sand  and  Immobilisation  of  the  vehicle  were  expected.  It  was  further 
anticipated  that  the  various  degrees  of  trafficability  described  above 
could  be  measured  with  the  cone  penetrometer. 

91.  As  will  be  brought  out  subsequently,  the  general  pattern  of  ex¬ 
pected  behavior  described  above  did  occur  in  these  tests.  However,  the 
variation  in  trafficability  with  moisture  content  was  such  that  the  sands 
could  be  grouped  into  two  categories  according  to  their  moisture  content, 
with  a  third  category  representing  high  moisture  and  a  pressure  condition 
of  the  void  pore  water.  The  two  categories  according  to  moisture  content 
are  "dry-to-moist"  and  "wet -to- inundated.  "  The  third  category  is  referred 
to  as  a  "quick  condition." 

92.  As  will  be  discussed  later,  separate  curves  of  cone  index  vs 
vehicle  performance  were  drawn  for  the  two  categories,  and  results  of  the 
tests  conducted  on  quick-condition  sands  were  plotted  with  the  results  of 
tests  of  the  wet- to- Inundated  category  sands. 

I— mb  iUxatlon 

93*  Dry-to-moist  sands.  During  this  test  progrem  no  imnobiHsatlons 
in  which  a  vehicle  bad  to  be  towed  away  by  another  vehicle  occurred  on  dry 
and  moist  sands.  In  cases  in  which  a  vehicle  could  no  longer  move  forward, 
It  was  always  able  to  back  out  in  its  own  tracks*  In  some  esses  a  wheeled 
vehicle  was  almost  immobilised  but  was  able  to  inch  Itself  forward  slowly 
with  violent  Jerks  mod  a  great  amount  of  wheel  slip.  However,  for  analysis 
purposes,  these  two  conditions  were  considered  to  be  lamoblllsetlons. 

9k  0  Vlbt-to-«— fuflf!  Several  wheeled-vehicle  immobilisations 
occurred  because  of  the  liquefaction  of  eeai  under  the  tires  when  the  ve- 
h^lclsi  operated  1st  the  iejrf *  (item  sand  conditions  are  referred  to  as 
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quid;  conditions  In  this  report.)  These  vehicles  were  completely  inmobi- 
11  zed  and  had  to  be  towed  from  the  test  area. 

95*  Yuma  dune  sand.  Tests  at  the  Yu m.  dune  area  presented  a  problem 
not  previously  encountered  In  that  a  vehicle  occasionally  could  travel  over 
an  area  for  which  the  cone  Index* slope  combination  previously  determined 
indicated  that  the  vehicle  should  become  immobilized.  In  such  tests  slight 
shear  planes  usually  appeared  in  the  ruts,  indicating  that  immobilization 
was  imminent.  When  this  happened  the  tests  were  rerun  as  follows:  the 
vehicle  was  allowed  to  come  to  a  complete  stop  on  the  slope,  and  if  it 
could  not  progress  from  this  stopped  position,  the  vehicle  was  considered 
to  be  immobilized.  Cone  index  criteria  for  vehicle  performance  on  sand 
dunes  are,  therefore,  somewhat  conservative.  The  fact  that  the  vehicle 
could  traverse  an  area  the  first  time  was  probably  due  to  the  momentum  it 
developed  on  the  gradually  increasing  slopes  typical  of  the  sand  dimes. 
Critical  soil  layer 

96.  Previous  tests  on  coarse-grained  soils  (TM  3-240,  13th  Supple¬ 
ment)  indicated  that  the  best  correlations  of  vehicle  performance  with  cone 
index  measurements  were  obtained  for  the  0-  to  6-in.  sand  layer.  Other 
layers  were  considered  in  this  analysis  but  none  showed  better  correla¬ 
tions;  hence,  the  0-  to  6-in.  layer  is  used  a3  the  critical  layer  in  this 
analysis  also. 


Single  Self-propelled  Tests 

Data  used  and  method  of  analysis 

97*  The  single  self-propelled  vehicle  test  program  Included  a  total 
of  865  tests.  A  summary  of  data  and  test  results  Is  presented  in  tobies 
3-7. 

96.  Where  applicable,  test  data  reported  in  TM  3*240,  13th  Supple¬ 
ment,  were  also  used  In  this  analysis.  The  data  used  were  results  of  tests 
on  three  trucks,  a  3/4-ton  with  9*00x16  tires,  a  2-1/2- ton  with  9*00x20 
tires  (dual),  and  a  2-l/2-ton  with  11*00x20  tires  (single},  since  these 
data  were  considered  comparable  to  data  collected  during  the  current  test 
program.  Some  of  ths  13th  Sigplonent  data  00  these  vehicles  were  re¬ 
evaluated  on  ths  basis  of  sand  condition*  Bate  were  net  used  from  tests 
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conducted  on  (l)  prepared  sand  slopes,  (2)  sands  with  more  than  7$  fines, 
and  (3)  crusted  desert  sands  where  imroob ill zat ions  were  reported  to  have 
occurred  after  the  first  pass  was  completed.  Crusted  sands  were  not  tested 
in  the  current  test  program*  The  curves  of  cone  index  vs  slope  reported 
herein  differ  only  slightly  iron  corresponding  curves  presented  in  the 
13th  Supplement. 

99.  The  method  of  analysis  and  the  factors  considered  in  this 
analysis  are  the  same  as  those  described  in  TM  3“^*  ,  13th  Supplement. 

In  brief,  the  factors  considered  were  soil  strength,  slope,  and  vehicle 
characteristics.  Soil  strength  is  Important  in  that  it  reflects  the  soil's 
bearing  capacity  as  well  as  its  capability  to  permit  a  vehicle  to  develop 
the  necessary  traction  force  to  propel  the  vehicle  forward.  In  this  report 
soil  strength  is  expressed  in  terms  of  cone  index.  Slope  was  considered  as 
a  factor  because  of  the  increased  soil  strength  required  for  a  given  ve¬ 
hicle  to  negotiate  a  slope  as  compared  to  that  required  on  level  terrain. 
Furthermore,  no  level,  dry  or  moist  sand  condition  was  found  that  would 
cause  complete  immobilization  of  the  vehicles  tested;  therefore,  slopes 
were  used  to  obtain  vehicle  ininobilizatiens.  A  change  in  tire  pressure 
materially  affects  the  performance  of  wheeled  vehicles;  therefore,  this 
vehicle  characteristic  was  also  considered  as  a  factor. 

100.  The  method  of  analysis  consisted  in  plotting  the  slope  and  cone 
index  pertinent  to  all  tests  with  the  same  vehicle  at  the  same  tire  pres¬ 
sure,  and  indicating  whether  or  not  lnaaobilization  occurred.  A  line  was 
then  drawn  that  essentially  separated  the  immobilizations  and  nonlnmoblli- 
zations.  Dlls  line  thus  represented  the  maximum  slope  that  the  vehicle  at 
the  given  tire  pressure  could  climb,  over  a  range  of  cone  index  conditions. 
Clear-cut  separation  of  iamob  ill  zat  ions  and  nonlsaoobilizations  was  not 
always  possible*  Consequently,  the  line  was  drawn  so  that  the  majority  of 
immobilisations  would  plot  above  and  to  the  left  of  the  line.  In  so  doing, 
aniy  nonlwabbllfmatlons  also  plot  above  and  to  the  left  of  the  separation 
line.  The  curve  is  therefore  somewhat  conservative*  The  final  position  of 
the  line  was  also  influenced  by  similar  lines  for  the  seme  vehicle  at  other 
tire  pressures*  Curves  for  the  same  vehicle  at  various  loads  and  tire 
pressures  vers  combined  into  a  family  of  curves. 
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Cone  index-slope-tire 
pressure  correlations 

101.  Cone  index-slope-tire  pressure  relations  were  established  for 
five  trucks  having  tire  sizes  ranging  from  7*00x16,  6-ply  rating,  to 

lb .00x20,  12-ply  rating.  The  tire  pressures  used  in  the  test  program 
ranged  from  10  to  45  psi.  A  maximum  of  40-45  psi  was  used  because  little 
or  no  change  in  contact  area  occurred  at  tire  pressures  greater  than  40  psi 
and  hence  little  or  no  change  in  vehicle  performance.  Ten  psi  was  used  as 
a  lower  limit  because  at  pressures  less  than  this,  the  tire  was  subject 
to  rim  clippage  or  excessive  tire  buckling.  The  relations  established  for 
the  various  vehicles  and  tires  tested  are  described  in  the  following 
paragraphs. 

102.  l/4-ton.  4x4.  M3flAl  with  7.00x16  6  PR  tires.  The  following 
tabulation  gives  the  number  of  tests  of  the  M38A1  at  the  various  tire  pres¬ 
sures  shown  for  which  data  were  taken  from  table  3  end  plotted  in  plate  5 
or  6  according  to  sand  moisture  conditions. 


Ho.  of  Tests  Plotted 


Tire 

Plat.  5,  Met- 

Mate  6,  Dry* 

Pressure,  osi 

ysi asBBsaai 

to-molst  Sand 

30 

11 

10 

20 

3 

19 

15 

0 

25 

10 

13 

19 

Total 

27 

73 

The  results  of  the  five  tests  at  25  psi  and  one  test  at  5  pel  ere  not 
plotted  because  of  the  small  number  of  tests  performed  at  these  tire 
pressures. 

103*  Twenty- seven  tests  were  run  on  the  vet-to-inundated  sand,  with 
a  gross  vehicle  weight  of  2975  lb  and  three  tire  pressures.  An  examination 
of  the  data  plots  in  plate  5  shows  that  four  tests  in  which  immobilisation 
occurred  do  not  plot  on  the  proper  side  of  the  curve.  Plotted  in  fig.  1, 
test  3~**9*  (cons  index  of  39  and  slope  of  6£)  was  an  ioMbllisation  that 
occurred  while  the  vehicle  was  traveling  at  about  a  45-deg  angle  to  the 
slope  face,  causing  a  vehicle  side  tilt  of  10£.  fed  the  vehicle  been 

•  First  number  refers  to  table  number,  and  second  number  refers  to  item 
number  in  feat  table. 
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operated  perpendicular  to  the  elope,  it  probably  would  not  have  been  immo¬ 
bilized,  as  Indicated  by  the  location  of  the  plotted  point  in  regard  to  the 
separation  line.  No  explanation  can  be  given  for  test  3-55  (cone  index  of 
62  and  slope  of  18$)  plotting  incorrectly  in  fig.  2.  In  fig.  3,  tests  3-71 
(cone  index  of  62  and  slope  of  17$)  and  3*^0  (cone  index  of  22  and  slope 
zero)  plot  incorrectly.  These  were  tests  in  which  the  vehicle  was  oper¬ 
ating  on  the  foreshore  and  when  the  sard  was  Inundated  by  3urf,  the  vehicle 
began  to  sink  although  cone  index  measurements  indicated  that  it  should 
have  traveled  with  ease.  In  test  3*71  the  vehicle  was  operating  perpendic¬ 
ular  to  the  water's  edge,  and  it  is  believed  that  excessive  slnkage  was 
probably  due  to  a  combination  of  liquefaction  beneath  the  wheels  and  ero¬ 
sion  of  sand  around  the  wheels  by  the  surf.  In  the  case  of  test  3-^0,  the 
vehicle  was  operating  parallel  to  the  water's  edge,  causing  it  to  assume 
a  side  tilt  of  13$. 

10U.  The  results  c/  the  73  tests  run  on  dry-to-moist  sand  with  test 
vehicles  operating  at  2975  and  3125  lb,  at  four  tire  pressures,  are  shown 
in  plate  6.  Two  lmaobillzatlons  plot  with  the  nonimmobilizations:  in  fig. 
2,  test  3-8  (cone  index  of  62  and  slope  of  6$),  and  in  fig.  3,  test  3*13 
(cone  index  of  76  and  slope  of  10$),  both  of  which  were  run  on  Bunker 
Beach,  Oahu.  No  reason  can  be  given  for  these  tests  plotting  as  outliers. 
Eleven  other  tests  on  Bunker  Beach  plot  on  the  correct  side  of  the  curve. 

105.  A  comparison  of  plates  5  and  6  indicat  -  that  the  l/U-ton  II38AI 
performs  better  on  we t  sands  than  on  moist  or  ury  sands.  For  example,  at 
20-psi  tire  pressure  and  on  soil  having  a  cone  index  of  Uo,  it  can  climb 

a  16$  slope  on  wet  sands  but  only  a  3$  slope  on  dry  sands. 

106.  On  the  basis  of  one  test  at  5“P»i  tire  pressure  (3*^1,  not 
plotted),  the  M33A1  performance  was  improved  by  ta/sring  the  tire  pressure 
below  10  psi,  but  tire  life  would  probably  be  greatly  reduced  because  of 
side-wall  buckling  and  rim  slippage. 

107.  lA-ton.  H37  with  9.00x16  8  PR  tires.  r.he  tabulation  on 
the  following  page  gives  tbs  number  of  testa  of  the  K37  et  the  various  tire 
pressures  shown  for  which  data  were  taken  from  table  4  and  the  13th  Supple¬ 
ment,  and  r lotted  in  plates  7  sad  8  according  to  mid  moisture.  Fourteen 
of  the  tests  listed  la  table  k  are  not  plotted  in  plates  7  sad  C.  Four  of 
thses  tests  (two  at  tO-pei,  ome  at  30-psi,  sad  oas  at  15-psl  tire  pressure) 
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were  ran  on  negative  slopes.  Nine  were  run  at  miscellaneous  tire  pressures 
and  Co  not  justify  extra  plots.  One  test  (4-108)  on  wet  sand  at  20  psi  was 
not  plotted  because  it  is  obviously  in  error. 


Tire 

Pres¬ 

No.  of  Tests  From 

13th  Supplement  Plotted 

No.  of  Tests 

From  Table  4  Plotted 

sure 

Plate  7,  Met- 

Plate  8,  Dry- 

Plate  7,  Wet- 

Plate  8,  Dry- 

psi  to -inundated  Sand 

to-moist  Sand 

to- inundated  Sand 

to-moist  Sand 

45 

0 

0 

0 

15 

40 

0 

7 

0 

16 

30 

0 

0 

0 

49 

20 

2 

3 

7 

50 

15 

0 

5 

56 

10 

0 

4 

17 

51 

Total 

2 

19 

3C 

237 

108.  Thirty-six  tests  were  run  on  wet -to- inundated  sands  at  tire 
pressures  of  40,  30,  20,  15,  10,  and  8  psi.  Data  i  lots  (plate  7)  were  made 
only  for  the  20-,  15-,  and  10-psi  tire  pressures  since  only  one  test  was 
run  at  each  of  the  other  ti*e  pressures.  Two  hundred  and  forty-five  tests 
were  run  on  dry-to-moist  sand  (only  237  tests  are  plotted  in  plate  8) , 
mainly  at  tire  pressures  of  45,  40,  20,  15,  and  10  psi.  Curves  sepa¬ 

rating  ^he  immobilizations  from  the  nonimmobilizations  for  both  vet-to- 
inuncated  sands  and  dry-to-moist  sands  are  shown  for  each  pressure  for 
which  t pough  data  are  available. 

10 jm  For  the  vet  and  inundated  sands  (plate  7);  three  tests  resulted 
in  immobilizations  where  the  vehicle  should  have  traveled.  Test  4-75  (cone 
index  of  23  and  slope  of  zero),  plotted  in  f4r.  2  of  plate  7,  was  an  immo¬ 
bilization  due  to  liquefaction,  and  cone  indexes  taken  around  the  vehicle 
did  not  actually  indicate  the  very  soft  conditions  that  probably  existed 
when  the  v -hljle  became  inset  il:\zed. 

110.  Fig.  3,  plate  7#  reveals  three  tests  on  wet- to- inundated  sand 
that  are  not  on  the  proper  side  of  the  curv?.  Test  4-94  (cone  Index  of  23 
•'*rd  slope  of  %)  was  another  immobilization  due  to  liquefaction.  No  ex¬ 
planation  can  be  given  for  the  other  two  tests  plotting  incorrectly. 

111.  On  dry  and  moist  sends  the  1137  was  tested  at  four  gross  weights, 
5645,  6067-6275,  7085-7417,  a»i  7^0*  lb  (see  plate  8).  All  tests  are 
plotted  together  iince  0  variation  in  weight  apparently  did  not  signifi¬ 
cantly  affect  vehicle  performance*  Seven  tests,  one  each  at  tire  pressures 
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of  40 ,  30,  20,  and  10  psi  and  three  tests  at  15  psi,  indicate  imraobiliza- 
tions  where  they  should  not  have  occurred  according  to  the  separation 
curve.  Four  of  these  occurred  at  the  Yuma  dune  urea:  tests  4-176  and 
4-244  at  15  psi,  test  4-234  at  30  psi,  and  test  4-239  at  20  psi.  For  test 
4-148  (cone  index  of  62  and  slope  of  15$)  on  I  wo  Jima  at  10  psi,  the  trucl: 
was  operated  on  a  %  tilt,  which  may  have  caused  the  immobilization. 

112.  The  family  of  curves  for  the  vet  and  inundated  sands,  4 

of  plate  7>  indicates  that  there  is  little  difference  in  vehicle  perform¬ 
ance  at  10- ,  15-,  and  20 -psi  tire  pressures  below  a  cone  index  of  30.  The 
family  of  curves  for  dry  and  moist  sands,  fig.  7  cf  plate  8,  indicates  a 
different  pattern.  The  vehicle  performance  improves  more  between  10  and 
15  psi  than  between  15  and  20  psi,  but  even  at  10  psi  the  IQ1  cannot  climb 
as  steep  a  slope  on  any  given  strength  of  dry- to -moist  sand  as  it  can  at 
20  psi  on  wet  sand. 

H3.  2-l/2-ton.  6x6.  M211  with  0.00x20  6  FR  tires.  The  following 

tabulation  gives  the  number  of  tests  of  this  vehicle  for  which  data  were 
taken  from  table  5  and  the  13th  Supplement  and  plotted  in  plate  9  according 
to  tire  pressure  and  sand  moisture. 


No.  of  Tests 

No.  of  Tests 

From  13th  Sup- 

From  Table  5 

Plotted 

Tire 

Element  Plotted 

ifet-to- 

Dry-to- 

Pressure,  psi 

Dry-to-aoist  Sand 

inundated  Sand 

moist  Sand 

45 

0 

4 

24 

30 

4 

0 

11 

20 

3 

0 

27 

15 

4 

0 

5 

10 

7 

11 

24 

Total 

in 

15 

91 

Results  of  nine  tests  on  dry-to-moist  sand  shown  in  table  5  ’/ere  not 
plotted  in  plate  9.  Four  oi  these  tests  at  50-psi  and  two  at  32-pci  tire 
pressure  were  not  plotted  because  of  an  insufficient  number  of  tests  at 
the  respective  tire  pressures;  three  tests,  two  at  45  psi  and  one  at 
10  psi,  were  rue  on  negative  slopes  and  therefore  were  not  plotted* 

114.  Fifteen  tes  s  were  run  on  vet*to*luundated  sands  at  two  vehicle 
vel^sts,  13,120  and  18,120  lb,  and  two  tire  pressures,  45  and  10  psi. 
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Eleven  of  the  fifteen  tests  are  at  10  psi, and  an  approximate  separation 
curve  between  immobilizations  and  nonlsmobillzatlons  is  shown  for  theue 
points  (fig.  5#  plate  9)*  The  curve  shows  the  M211  to  be  capable  of 
climbing  two  to  three  times  steeper  slopes  at  cone  indexes  of  20  to  60  in 
wet  sand  than  on  dry-to-moist  sand#  Data  on  wet- to- Inundated  Bands  are 
insufficient  for  estdblishinj  curves  for  other  tire  pressures* 

115*  One  hundred  and  nine  tests  run  with  the  M211  at  vehicle  weights 
of  13,120  and  18,120  lb  on  dry-to-moist  sands  are  plotted  in  plate  9*  All 
tests  at  the  same  tire  pressure  are  plotted  together  since  variation  in 
weight  apparently  did  not  affect  performance.  Separation  curves  were  de¬ 
veloped*  Of  the  lIx  tests  that  indicate  immobilizations  where  they  should 
not  have  occurred,  five  were  run  in  the  Yuma  dune  area  and  were  reported  in 
the  13th  Supplement*  The  other,  test  5*53  (cone  index  of  38  and  slope 
zero),  shown  in  fig*  3  of  plate  9#  was  an  immobilization  on  the  berm  crest 
of  Makua  Beach,  Oahu*  In  this  test,  the  vehicle  was  operating  on  a  4$ 
tilt,  which  no  doubt  hindered  its  forward  progress* 

ll6.  2-l/2-ton  unnumbered  truck  with  six  8*25x20  tires*  Four  teats 
were  conducted  with  this  vehicle  on  two  Kvajaieln  beaches*  These  tests  are 
listed  in  table  5,  items  112  through  115,  but  as  stated  earlier  no  plots 
are  shown  because  results  from  such  a  limited  number  of  tests  are  incon¬ 
clusive*  A  comparison  cf  results  of  these  tests  with  results  of  tests  of 
the  2-l/2-ton  M211  at  45  psi  and  the  M135  at  40  psl  shows  that  these  test 
results  are  not  out  of  place* 

117*  2- l/2-ton  truck  with  11*00x20  12  PR  tires*  Various  models  of 

2-l/2-ton  trucks  with  11*00x20  tires  have  been  tested  during  the  sand  tr&f- 
flcabllity  program*  Supplement  13  reports  tests  on  three  models:  1134, 

M47,  and  M135*  The  M135  was  again  tested  during  this  test  program  (at 
Yuma).  The  M215  2-l/2-ton  truck  was  tested  on  the  Oahu  Island  beaches  and, 
as  mentioned  in  paragraph  55#  although  it  is  normally  equipped  with  dual 
tandem  9*00x20  tires,  for  this  test  program  it  was  equipped  with  11*00x20 
tires* 

118*  The  tabulation  cm  the  following  page  lists  the  meter  of  tests 
from  table  6  and  the  13th  Supplement  that  are  plotted  in  plate  10*  three 
tests,  one  at  50  psi  and  two  at  16-1/2  psi,  were  nut  plotted*  The  three 
tests  cm  wet-to-inundated  sands  (tests  6-17,  -36#  -55)  were  plotted, but  no 
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separation  curve  could  be  constructed  for  them.  Tests  6-17  and  6-36  at 
20  psi  were  nonimmobilizations  on  Crescent  foreshore;  test  6-55  at  10  psi 
was  an  immobilization  due  to  liquefaction  of  the  sand  when  hit  by  surf. 


119*  A  total  of  213  tests  were  conducted  in  the  current  program  on 
dry-to-moist  sand  at  vehicle  weights  of  12,1*50,  ll*, 950-15,000,  17,320" 
17,1*50,  and  19,620-20,500  lb.  All  test  3  are  plotted  together,  however, 
since  a  variation  in  weights  apparently  did  not  affect  vehicle  perforrsance. 
The  plots  also  include  70  tests  from  the  13th  Supplement. 

120.  Twenty-nine  of  the  total  number  of  260  tests  on  dry-to-noist 
sand  do  not  plot  properly.  Eight  of  these  tests  are  immobilizations  where 
the  vehicle  should  have  traveled,  and  three  of  these  eight  tests  arc  from 
the  13th  Supplement.  The  five  remaining  immobilizations  that  do  not  plot 
properly  occurred  during  the  1957  tact  program  at  Yuma;  one  test  can  be 
seen  in  fig.  2,  plate  10;  one  in  fig.  3;  one  in  fig.  U;  and  two  in  fig.  5. 
The  remaining  twenty-one  outliers  are  nonimob i  1  i za t i ons  that  plot  above 
and  to  the  left  of  the  separation  curve,  thus  indicating  that  the  curves 
are  somewhat  conservative.  Test  records  do  not  reveal  any  reasons  for 
these  tests  being  outliers. 

121.  5*ton.  6x6,  j#il  with  l^.CQx20  12  PR  tires.  Vehicle-performance 
plots  for  the  5-ton  MUl  are  shown  in  plate  11.  Pigs.  1-U  show  riots  of 
cone  index  vs  per  cent  slope  at  four  tire  pressures  ('jO,  2D,  15,  and  10 
psi),  and  the  family  of  t1r*-pr**ssure  curves  is  shown  in  fig.  5.  This 
vehicle  was  tested  only  at  the  Yunri  dune  area  on  dry-to-ooist  sand. 

122.  The  tabulation  on  the  following  page  lists  the  number  of  tests 
of  the  Mil  at  each  tire  pressure  given  in  table  7  and  plotted  in  plate  U. 
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Tire  Mo.  of  Tests  From  Table  7 

Pressure,  psi  Plotted,  Dary-to-aoist  Sand 


30 

kk 

20 

k9 

15 

* 

k6 

10 

28 

Total 

167 

123.  The  tests  were  run  at  four  vehicle  weights,  18,115,  2h,275> 
28,175,  and  32,3t0  lb,  but  all  are  plotted  together  as  the  variations  in 
weight  did  not  affect  vehicle  performance.  Twelve  tests  do  not  plot  on  the 
proper  ciue  of  the  separation  curve  or  near  enough  to  it  to  be  considered 
borderline  tests,  and  two  of  these  tests  (in  figs.  1  and  2,  palate  11)  ore 
iiunobilizations  where  the  vehicle  should  have  traveled.  Test  records  do 
not  reveal  any  reasons  for  these  tests  being  outliers. 

128,  Suitable  test  areas  with  low  cone  indexes  and  flatter  slopes 
were  net  found  in  the  sand  dune  area;  therefore,  the  separation  lines  for 
the  low  slopes  are  merely  estimated  and  shown  as  dashed  lines  in  the  vari¬ 
ous  plots  in  plate  11. 


Tow i nr  Tests 


125*  Tie  towing  tests  with  self-propelled  vehicles  (five  wheeled  and 
three  tracked)  /ere  conducted  principally  on  harrowed  sand  lanes  in  the 
Yuma  Test  Station  area,  with  a  few  conducted  on  natural  sand  in  the  Yum 
dune  area.  Gu.tm.ary  data  and  test  results  for  all  towing  tests  are  pre¬ 
sented  in  table  6. 

12'’ •  The  tests  were  conducted  to  determine  the  relation  between 
to  /ing  ability  and  varying  weights  and  tire  pressures  of  individual  ve¬ 
hicles,  and  also  to  compare  towing  abilities  of  vehicles  on  Imrrowed  sand 
and  undisturbed  sand.  However,  changes  in  the  test  program  precluded  con¬ 
clusive  testing  on  undisturbed  sand;  therefore,  this  analysis  deals  only 
with  the  hwrrowed*sand  tests,  "1  though  /da  from  a  few  tests  on  undisturbed 
sond  are  included  in  table  0. 

127.  Analysis  of  tawing-test  data  Is  presented  by  vehicle  types; 
wheeled  vehicles  and  traded  vehicles.  Under  each  vehicle  type  the 
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analysis  consists  of  (i)  a  comparison  of  maximum  drawbar  pull  with  vehicle 
characteristics,  (2)  drawbar  pull  vs  slip,  and  (3)  a  comparison  of  computed 
maximum  drawbar  pulls  vs  actual  drawbar  pulls  measured  on  the  test  slopes# 
Wheeled  vehicles 

128.  Maximum  drawbar  pull  vs  tire  pressure  and  test  weights. 
Twenty-eight  maximum  ■'drawbar-pull  tests  were  run  on  lc-’-el  harrowed  sand  at 
-fche  Tftima  Test  Station  with  five  vehicles  at  four  different  tire  pressures 
for  each  vehicle#  The  2-l/2-ton  M135  was  tested  with  three  loads;  all 
others  were  tested  with  their  respective  recommended  cross-country  pay- 
loads.  These  tests  and  average  maximum  drawbar  pull-tire  pressure  curves 
for  each  vehicle  are  shown  in  figs.  1-5,  plate  12. 

129#  The  maximum  drawbar  pull  of  a  given  vehicle  increased  with  a 
reduction  in  tire  pressure.  The  maximum  drawbar  pulls  for  all  vehicles 
tested  at  10-psi  tire  pressure  ranged  from  22.1$  of  test  weight  for  the 
5 -ton  Wih  at  30,635  lb  ir  to  36.0$  for  the  2-1/2- ton  m35  at  12,br)  lb. 

The  3/b-ton  M37  test  (8- lb)  was  not  considered  since  examination  of  fig.  2, 
plate  12,  shows  this  te3t  is  probably  in  error.  At  30-psi  tire  press’ u-e 
the  maximum  drawbar  pulls  ranged  from  9*^  for  the  l/h-ton  M38A1  it  2975  lb 
to  16.1$  for  the  2-l/2-ton  10-35  at  12,b50  lb. 

130.  Fig.  3,  plate  12,  shows  the  effect  of  varying  loads  on  the  per- 
romance  of  the  2-l/2-ton  Ml 3 5  truck.  As  the  load  was  increased  in  ap¬ 
proximately  5000- lb  increments,  the  maximum  drawbar  pull  decreases,  about 
2.5$  at  all  tire  pressures.  The  maximum  percentage  of  pull  developed  was 
36.O  at  10  psi  and  test  weight  of  12,b50  lb  (truck  empty). 

131*  A  comparison  of  the  towing  capabilities  of  vehicles  of  similar 
size  but  equijiped  with  different  tires  can  be  made  by  examining  the  data 
for  the  two  5-ton  trucks  (both  tested  with  a  10,CC0-lb  payload)  in  figs,  b 
and  5,  plate  12.  The  5-ton  f&l  with  lb. 00x20  tires  (single)  had  about  *3$ 
-no  re  drawbar  ability  at  all  tire  pressures  than  the  5*ton  H5b  with  11.00x20 
t.iren  (dual). 

132.  Drnwber  miU  vs  wheel  slln.  These  tests  were  run  on  the  >l/2- 
fcon  H135  at  three  loads  and  four  tire  pressures  to  determine  the  effect  of 
varyirg  loads  on  its  drawbar  pill-slip  characteristics.  Results  of  tests 
*Mth  the  10.3*1  are  sham  in  figs#  1-3,  plate  13* 

I33®  iiaximi^i  dra vb^xr  pull  occurred  at  about  25$  slip  for  all  loads 


. . . 


CO 


tested  at  10-pa;  tire  pressure;  as  tire  pressure  was  increased,  maximum 
drawbar  pull  occurred  at  a  lower  percentage  of  wheel  slip  for  all  loads. 

The  rate  of  decrease  in  maximum  drawbar  pull  in  regard  to  increased  tire 
pressure  was  uniform,  and  at  30-psi  tire  pressure  maximum  drawbar  pull 
occurred  at  about  15$  wheel  slip  for  all  loads, 

13^,  Comparison  of  computed  maximum  drawbar  null  with  actual  drawbar 
pull  measured  in  tests  on  harrowed  sand  slopes,  1  iocimum-drawbar-puld  data 
shown  in  table  8  for  the  live  wheeled  vehicles  were  used  to  determine  the 
correlation  between  computed  and  actual  maximum  drawbar  pulls  on  slopes  of 
harrowed  sand.  The  computed  drawbar  pulls  on  slopes  were  developed  from 
measured  drawbar  pulls  on  level  sand  by  the  formula; 


where 


P*  •  P  cos  /  -  !/  sin  I 


?*  «  maximum  drawbar  pull  on  slope,  computed 
P  •  maximum  drawbar  pull  on  level,  measured 
V/  ■  {pros s  weight  of  vehicle,  lb 
0  *  angle  of  the  slope,  deg 

135  •  Sixty  determinations  of  maximum  drawbar  pull  './ere  made  on 
liarro'./ed  sand,  28  on  level  sand,  and  30  on  slopes.  The  following  table 
shows  the  measured  and  computed  results  and  the  difference  bet’./een  them. 
A  comparison  of  computed  and  actual  tec  results  i3  shotm  graphically  by 
'the  round  symbols  in  plate  14, 

Ifcas  14 ax 


Tire 

Pressure 

PSi 

Drawbar  Pull 
on  Level  Sand 

i*Jeas  Max  Drawbar 

Pull  on  Slones 

Computed 
Max  Drawbar 
P-11  on 
Clones,  lb 

Difference 
lb  CS» 

lb 

Item  No. 
Table  8 

Slope 

ItM  No. 
lb  Able  8 

lA-ton  KlSAl  Truck  -  2,7ft  lb 

15 

550 

3 

10 

ax  6 

250 

t50  25.0 

■j/4-ton  I  ffl  Truck  -  7.065  lb 

If. 

11*00 

lh 

H 

1000  15 

751 

-318  2M 
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Meas  l-fcac 


Tire 

Pressure 

psi 

Drawl  ar  Pull 
on  Level  Sand 

Meas  Max  Drawbar 
Pull  on  Slones 

Computed 
Max  Drawbar 
Pull  on 
Slopes,  lb 

lb 

Item  IJo. 
Table  8 

Slope 

i . 

lb 

Item  Ro* 
Table  8 

2-1/2- 

ton  M135 

truck 

-  12.450  lb 

15 

3J+CQ 

}  \ 

*0 

2X0 

52 

2144 

+144 

5.7 

10 

*4500 

47 

10 

3200 

53 

3240 

+40 

1.2 

10 

U^OO 

47 

12 

2900 

rA 

3040 

-4 140 

4.8 

10 

I45OC 

47 

15 

2400 

55 

2X0 

200 

O  2? 

o«  v 

2-l/2-ton  Ml 3 5  Truck 

-  17.330  lb 

20 

3200 

66 

10 

13X 

73 

l460 

+1  60 

12.3 

15 

1300 

67 

10 

XX 

74 

2555 

+550 

27.7 

15 

4300 

67 

14 

XX 

*TC 

1  y 

1355 

-145 

7.2 

10 

5200 

72 

10 

3800 

% 

3450 

-350 

9.2 

10 

52CO 

72 

13 

28X 

77 

2923 

+123 

4.4 

2-l/2-ton  Ml 35  Truck 

-  22.705  lb 

* 

20 

4200 

37 

10 

XX 

102 

1940 

-60 

3*0 

15 

5000 

90 

10 

3x0 

103 

2730 

-270 

9.0 

15 

5000 

50 

12 

2X0 

104 

22C0 

+X0 

13.0 

15 

5X0 

90 

15 

i£co 

105 

15CQ 

-20 

1.3 

10 

Cox 

100 

12 

3300 

10G 

3260 

-40 

1  O 

10 

6000 

IX 

15 

2COO 

107 

2570 

-30 

3  O 

10 

Coco 

IX 

10 

3800 

10S 

3720 

-20 

2.1 

5-ton  1^1  Truck  -  28.175  lb 


30 

34X 

109 

8 

1200 

113 

U4G 

-54 

4.5 

30 

34x  , 

109 

10 

6X 

n4 

576 

-24 

4.0 

20 

54X 

no 

8 

2700 

115 

3140 

+440 

15.6 

X 

54x 

no 

10 

2500 

116 

2580 

+80 

3.2 

15 

65X 

111 

10 

4X0 

117 

4225 

+225 

9.6 

15 

65X 

111 

15 

XX 

na 

22CO 

+2uU 

13.0 

15 

65X 

111 

15 

22X 

n9 

224? 

+47 

2.1 

10 

50X 

112 

10 

5CX 

IX 

GCCO 

+1X0 

X.6 

10 

9CX 

112 

13 

4X0 

121 

5300 

+11X 

2C.2 

10 

9000 

112 

15 

40X 

122 

47*>o 

+740 

13.5 

10 

9000 

112 

X 

28X 

123 

3^59 

+659 

23.9 
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136.  From  an  examination  of  the  preceding  table  it  can  be  seen  that 
the  computed  drawbar  pulls  are  usually  slightly  higgler  than  those  actually 
obtained  in  the  tests.  This  is  probably  explained  by  the  fact  that  even 
though  the  sand  tod  essentially  in  the  same  condition  for  both  slopes  and 
level  lanes,  the  rear  wheels  sank  deeper  than  the  front  ones  on  slopes, 
thus  increasing  the  actual  slope  that  the  test  vehicle  was  attempting  to 
climb. 

137  •  The  average  percentage  of  absolute  deviation  between  computed 
and  actual  tc-t  results  was  10.0.  Considering  sign,  the  computed  pulls 
'/ere  an  average  0*  5*7$  higher  than  measured  pulls.  The  large  percentage 
deviations  for  the  lightweight  l/4-ton  and  3/4-ton  trucks  are  probably 
attributable  to  the  small  magnitudes  of  the  pulls  and  the  relative  inac¬ 
curacy  of  the  dynamometer  in  the  low  range. 

Tracked  vehicles 

138.  Maximum  drawbar  pull  vs  vehicle  test  weight.  Wine  maximun- 
drawbar-pull  tests  were  run  on  level  harrowed  sand  with  three  vehicles: 

!£9C  weasel  at  5970  lb  and  6970  lb;  18-ton  M4A2  hi-speed  tractor  at  36,910 
1L;  and  38-ton  M6  hi-speed  tractor  at  76,000  1L.  Data  for  these  tests  are 
presented  in  table  3, ana  average  drawbar  pull  for  each  vehicle  is  shown 
graphically  in  plate  15. 

139*  In  these  tests  the  tracked  vehicles  had  a  maximum  drawbar-pull 
ability  ranging  from  50  to  65$  of  their  test  weight.  (The  highest  drawbar- 
pull  ability  of  wheeled  vehicles  va3  around  y/fy  './hen  operating  at  10-psi 
tire  pressure.)  The  we^el,  the  lightest  of  the  vehicles  (5970  and  6970 
lb)  and  the  one  with  the  lowest  contact  pressure  (1*9  and  2.2  psl),  de¬ 
veloped  the*  highest  drawbar-pull  ability  (62-65^)  of  the  three  tracked  ve¬ 
hicles  tested.  The  M6,  the  heaviest  vehicle  and  the  one  with  the  highest 
contact  pressure  (76, OCX)  lb  and  9*8  poi,  respectively),  developed  the  low¬ 
est  drawbar-pull  ability  (%$)•  Tests  are  needed  on  a  wider  range  of  vehi¬ 
cles  and  sand  conditions  in  order  to  clarify  the  relations  between  the  max¬ 
imum  drawbar  pull  of  tracked  vehicles  and  the  sand  on  which  they  operate. 

iJ*G.  larawbar  null  vs  track  slip.  Tests  were  ran  on  the  M2£> C  weasel 
to  show  the  relations  of  drawbar  pull,  track  slip,  and  vehicle  ‘weight* 

Table  Q  lists  tests  m  this  vehicle  for  three  sand  conditions:  before 
harrowing  (tocts  ijl-137)#  after  one  pass  of  the  harrow  (tests  138-148), 
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and  after  completion  of  harrowing  (tests  A9-I55,  and  161-176),  (fee  pass 
of  the  harrow  did  not  leave  the  test  lane  uniform  enough  in  strength  for 
reliable  testing.  Data  from  items  1**9  through  15 5  and  168  through  176  are 
shown  in  fig.  1*  of  plate  13,  in  which  drawbar  pull  is  correlated  with  track 
slip  and  changes  in  vehicle  weight.  This  plot  indicates  no  change  in  track 
slip  for  the  maximum  drawbar  pull  when  the  vehicle  weight  is  increased 
1000  lb,  i.e.,  the  track  slip  at  maximum  drawbar  pull  for  both  ’weights  is 
37$ •  But  for  the  same  drawbar  pulls  below  the  maximum,  track  slip  is 
greater  for  the  lesser  weight, 

Al.  Comparison  of  computed  and  measured  maximum  drawbar  nulls  on 


harrowed  sand  slopes.  Computed  maximum  drawbar  pulls  on  slopes  were  devel¬ 
oped  from  applicable  measured  maximum  drawbar  pulls  on  level  sand  by  means 
of  the  formula  given  in  paragraph  13**.  Hine  measurements  of  maximum  draw¬ 
bar  pull  on  slopes  were  made.  A  comparison  of  computed  and  actual  test  re¬ 
sults  is  shown  graphically  by  the  square  symbols  in  plate  lv.  The  follow¬ 
ing  table  lists  actual  test  results,  computed  maximum  drawbar  pulls,  and 
the  differences  between  the  two. 


Mear.  Max  Drawbar  Iteac  Max  Drawbar 

Full  on  Level  Sand  Full  on  Slope 

Item  No,  31op<e  Item  fto. 

Table  8  $  lb  Table  8 


It 


Computed 
I 'ox  Diuwbar 
Full  on 
Slopes,  lb 


Difference 


3,250 

3,250 


k,l*00 

14,1*00 


lA-ton  M29C  >feasel.  5,970  lb»  Contact  Pressure  ; 

1**6  20  2, coo  156  2,  ore 

146  15  2,30c  157  2,325 

lA-ton  M29C  teasel,  6,970  lb.  Contact  Pressure  > 

165  15  2,600  177  3,320 

165  15  3,000  178  3, 


■f  i-0 
2  rr 


1.0 

1.1 


o  o 


>si 


+72C 


-1*1 

k.G 


18-ton  MhA2  Hi *speed  Tractor.  36.910  lb.  Contact  Pressure  =  6.1  nci 


1^2.  The  average  deviation  (expressed  as  a  percentage  difference  be- 

» « 

tween  computed  and  measured  drawbar  pull)  is  Q.DJ  for  all  vehicles  tested, 
and  for  all  tests  the  computed  drawbar  pulls  are  higher  than  those  actually 
measured.  In  examining  the  summary  of  test  data  in  table  8  it  may  be  noted 
that  cone  index  for  tests  of  the  two  hi -speed  tractors  on  level  sand  (items 
179  and  188)  was  much  higher  than  the  cone  indexes  on  slopes.  Had  the  cone 
indexes  on  slopes  been  the  same  as  on  level  ground  the  maximum  drawbar 
pulls  developed  might  have  been  closer  to  computed  results. 

Towed-vehicle  Tests 

IU3.  The  towed-vehicle  test  program  included  teats  on  two-  and  four- 
wheeled  trailers.  One  hundred  and  sixty-eight  tests  were  run  with  five 
trailers  (three  two-wheeled  and  two  four-wheeled),  at  loads  varying  from 
empty  to  I-1/2  times  their  payload  capacities,  and  at  four  tire  pressures. 

A  summary  of  the  test  conditions  and  results  is  presented  in  table  9. 

I  Mu  Tests  were  conducted  on  asphalt  pavement,  undisturbed  sand,  and 
disturbed  sand.  The  analysis  of  data  was  made  only  for  tests  conducted  on 
sand,  3ince  towing-force  requirements  of  all  vehicles  on  asphalt  were  in  the 
range  or  only  1.0  to  2.C$.  Tlie  towing  force  on  asphalt  is  a  measure  of  the 
internal  mechanical  friction  of  the  vehicle  wheels  plus  the  external  fric¬ 
tional  rolling  resistance  of  the  wheels  on  a  hard,  essentially  unyielding, 
surface.  In  this  report  the  forces  (which  were  small)  required  to  overcome 
the  internal  resistance  are  included  in  the  gross  towing  force  required 
on  sand. 

1**>.  The  results  of  tests  on  undisturbed  sand,  made  by  towing  the 
test  vehicle  with  a  long  cable  as  described  in  paragraph  77#  are  shown  in 
plate  1 C  as  open  symbols.  Results  of  tests  on  disturbed  sand,  made  with 
the  test  vehicle  towed  at  close  hitch  behind  the  towing  vehicle,  arc  shown 
In  plate  1 6  as  closed  cymbals. 

IMS.  A  good  correlation  exists  between  the  towing  force  req  lred, 
cone  index  before  traffic,  and  tire  jircssures  for  all  vehicles.  Appar¬ 
ently,  disturbance  of  the  sand  by  the  tow  mg  vehicles  had  little  or  no 
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change  in  strength  occurred  after  passage  of  the  test  vehicle. 

147.  A  family  of  tire-pressure  curves  for  towing  force  required  ve 
cone  index  (before  traffic)  is  shown  in  fig.  8,  plate  l6.  The  curves  (if 
extrapolated)  tend  to  converge  at  cone  indexes  above  2CG  and  towing  forces 
toelow  and  "fan  out”  uniformly  to  a  cone  index  of  75  (which  is  near  the 
Xovest  cone  indexes  measured)  where  the  towing  force  required  ranges  from 
X<#  at  10-psi  tire  pressure  to  2%  at  60-psi  pressure.  The  average  devia¬ 
tion  (in  per  cent  towing  force  required)  of  individual  tqpts  from  the  aver¬ 
age  line  for  each  tire  pressure  is  approximately  1.0^. 

148.  In  summary,  it  appears  that  towing  force  required  (per  cent  of 
test  weight)  is  a  function  of  sand  strength  and  tire  pressure  for  the  range 
of  vehicle  weights  tested  (empty  to  1-1/2  times  payload  capacity).  The 
effect  of  number  of  wheels  (two  or  four),  tire  arrangement  (single  or 
dual),  and  number  of  axles  (one  or  two)  on  towing  force  is  small  when  con¬ 
sidered  Independently  of  the  effects  of  test  weight,  tire  pressures,  and 
sand  strength.  Tests  are  needed  of  additional  vehicles  on  lower-strength 
sands  and  on  sands  different  from  those  at  Camp  Lejeune  in  order  to  deter¬ 
mine  more  fully  the  relations  between  vehicle  characteristics  and  tcr/ing- 
Torce  requirements  over  a  wide  range  of  sand  conditions. 

Motes  and  Observations 

149.  During  the  course  of  the  approximately  900  single  self- 
propelled  vehicle  tests  on  beach  and  desert  areas,  a  few  observations  were 
made  of  several  isneasurable  factors  that  nevertheless  influence  vehicle 
mobility.  Them  observations  are  discussed  in  the  following  paragraphs. 

mfr.fTPff.f9i 

150.  Several  wheeled-vehicle  Immobilizations  occurred  cm  inundated 
beach  sands  when  slopes  were  about  1*4  and  the  beach  face  was  inundated  by 
wave  action.  It  is  believed  that  along  with  the  slope  factor,  liquefaction 
ajnd  erosion  of  sand  frost  around  the  wheels  by  tbs  surf  contributed  to  tbs 
Immobilisations.  On  several  occasions  when  Immobilisations  did  not  occur, 
it  was  observed  that  the  top  2  to  4  in.  of  rand  in  tbs  ruts  was  liquefied. 
Sad  tbs  proper  combination  of  loading  and  drainage  occurred  simultaneously, 
emad  beneath  tbs  wheels  might  have  liquefied  to  a  depth  that  would  have 
caused  Immobilization. 
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151.  Observations  of  vehicles  operating  in  the  surf  also  revealed 
that  if  a  vehicle  was  stalled  or  purposely  stopped  for  a  few  minutes, 
erosion  of  sand  from  around  the  wheels  by  wave  action  usually  resulted  in 
pn  imnobilization. 

152.  Immobilizations  did  not  occur  on  inundated  sands  as  long  as  the 
water  was  not  moving  over  or  through  the  sand,  as  in  lagoon  areas  of  clean 
sand  protected  from  the  open  sea  or  areas  where  water  was  trapped  during 
periods  of  low  tides. 

Borderline  conditions 

153*  ’Then  a  vehicle  is  iirmobilized  in  sand  it  is  usually  because  of 
traction  failure.  Traction  failure  is  the  inability  of  the  sand  surface 
to  resist  the  horizontal  dynamic  stresses  applied  to  it  by  a  powered  wheel 
or  track.  Thus,  the  thrust  necessary  to  propel  the  vehicle  cannot  be  de¬ 
veloped.  Close  observation  revealed  that  a  vehicle  operating  on  a  slope- 
strength  combination  borderline  between  immobilizations  and  nonimr*  l  iliza- 
tions  will  leave  slight  shear  planes  in  its  rutc.  These  conditions  were 
retested  by  repei- ting  the  operation  parallel  to  the  old  rots,  but  on  the 
rerun  the  vehicle  "as  allowed  to  come  to  a  complete  stop  in  the  area  under 
question  and  'start  again.  In  nearly  every  case  the  vehicle  could  not  com¬ 
plete  passage  through  the  area.  This  was  done  to  check  the  ncsurapt  ion  that 
the  reason  a  vehicle  usually  negotiated  a  borderline  condition  ’was  that  the 
momentum  it  developed  in  making  its  approach  to  the  test  area  carried  it 
through.  In  tests  in  which  the  vehicle  did  not  leave  these  slight  shear 
planes,  it  had  no  trouble ^in  moving  from  a  stopped  position.  For  tests  ran 
on  sand  where  the  slope -strength  combinations  were  much  below  the  border¬ 


line  conditions,  immobilizations  occurred  almost  simultaneously  with  the 
beginning  of  traction  failure. 


Effects  of  vehicle  characteristics 

151  .  Tire  pressure.  Tire  pressure  is  the  single  vehicle  character¬ 
istic  that  has  the  most  influence  on  the  performance  of  a  given  vehicle  In 
sanu.  Careful  adjustment  of  tire  pressures*  is  essential  in  conducting 
accurate  tests  or  obtaining  the  expected  per  romance  fr m  vehicle.  It 


was  found  that  In  order  to  achieve  the  accuracy  desired,  low  tire  pressure* 
had  to  be  measured  with  *  pressure  gage  mere  aecrntf  than  the  usual  "stick 


4 fret  stick 


m  tm  m  V  jmt 


found  in  some  cases  to  be  as  much  as  3  psi  off  s.t  lo\/  pressures* 

15%  Careful  and  constant  regulating  of  tire  pressures  during 
testing  was  essential  because  of  the  tire-pressure  changes  that  resulted 
from  changes  in  tire  temperature.  At  least  four  conditions  were  en¬ 
countered  that  caused  tire  temperatures  and  hence  tire  pressures  to  vary 
during  testing:  (l)  changes  in  ambient  air  temperature  during  testing; 

(2)  operation  of  the  tires  in  vet  and  inundated  sand  after  the  tire  pres¬ 
sure  had  been  adjusted  on  warm  dry  sand;  (3)  starting  tests  on  sand  after 
the  vehicle  had  been  operating  on  a  hard  surface  at  high  speeds;  and 
(k)  permitting  ’./heels  to  slip  for  an  extended  period  of  tiue. 

156.  Tire  pressure  also  apparently  has  an  effect  on  the  peculiar 
action  of  vehicle  "Jerking"  when  traction  failure  occurs.  For  the  2-l/2- 
ton  and  5-ton  trucks,  the  "Jerking"  action  was  violent  at  higher  tire  pres¬ 
sures  and  much  more  gentle  at  the  lower  tire  pressures  of  10  and  1>  p>si. 

157*  Tire  condition.  All  military  vehicles  tested  were  equipped 
with  the  standard  nondirectional  cross-country  tire;  however,  the  physical 
condition  of  these  tires  varied  considerably  as  some  were  new,  some  re¬ 
capped,  and  some  had  little  or  no  tread.  Although  it  is  generally  thought 
that  tire  condition  has  some  effect  on  vehicle  performance,  the  observa¬ 
tions  made  during  this  test  program  do  not  appear  to  bear  this  out.  This 
is  indicated  by  the  fact  that  although  the  sane  tires  or  vehicles  were  not 
used  for  the  complete  test  program,  the  performance  of  a  given  type  of 
vehicle  and  size  of  tire  was  consistent. 

158»  The  theory  that  tire  conditions  (within  the  range  of  tire  con¬ 
ditions  tested)  have  little  effect  on  vehicle  performance  in  coarse-grained 
soils  is  also  supported  by  measurements  of  the  contact  area  of  the  tires  on 
the  3/1* -ton  M37  tested  at  Yiuaa.  This  vehicle  was  equipped  on  one  aide  with 
two  newly  recapped  tires  and  on  the  other  side  with  two  old,  well-worn 
tires;  however,  the  contact  areas  for  these  tires  were  practically  the  same 
at  a  given  tire  pressure,  with  neither  set  consistently  greater  or  smaller 
than  the  oth^r#  3oae  difference  in  the  shape  of  the  tire  print  was  ap¬ 
parent,  however;  worn  tires  generally  produce  a  most.*  rectangular  pattern 


th&fl  new  or  newly  recapped  tires* 


operating  at  low  tire  pressures 


l>y  the  2-1/2- ton  and  5*t>n  true  s 
end  15  psi)  m  the  soft  hammed  sand 


Ruts 
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contained  a  slight  bulge  (convex  upward)  along  the  center  of  the  rut  sur¬ 
face.  This  bulge  was  approximately  l/k  to  l/2  in.  in  height  with  respect 
to  the  depth  along  the  sides  of  the  rut  wall.  Ruts  made  in  tests  in  the 
undisturbed  sand  areas  at  low  tire  pressures  showed  an  Indication  of  this 
bulge  but  it  was  not  nearly  so  pronounced  as  in  the  harrowed  sand.  The 
higher  strength  of  the  undisturbed  sand  yielded  less  to  rutting  and  hence 
less  bulging  occurred  in  the  center  of  the  rut.  This  configuration,  al¬ 
though  slight,  may  be  a  clue  to  the  confining  effect  of  the  side  walls  of 
the  tire  on  the  sand  beneath  the  tire,  and  may  be  the  cause  of  the  improve¬ 
ment  in  vehicle  performance  in  sand  when  tire  pressures  are  reduced. 

160.  Transmission  type.  Vehicles  with  both  automatic  and  manual 
transmissions  were  used  throughout  the  test  program.  No  conclusive  obser¬ 
vations  were  made  as  to  the  advantage  of  one  over  the  other  from  the  stand¬ 
point  of  vehicle  performance.  It  is  recognized,  hen /ever,  that  the  auto¬ 
matic  transmission  does  eliminate  the  "driver  effect"  more  than  the  me¬ 
chanical  transmission  by  partially  assisting  in  a  smooth  movement  from  a 
stopped  position  on  slopes.  It  may  be  possible  that  for  a  few  tests  near 
the  borderline  conditions  of  cone  index-slope  as  described  in  paragraph 
153*  the  positive  connection  of  the  mechanical  transmission  may  have  caused 
the  tires  to  shear  the  sand  surface  initially  and  to  start  a  process  of 
shearing  that  eventually  led  to  immobilizations,  whereas  an  automatic- 
transmission  type  vehicle  might  not  have  become  immobilized. 

Sand  strength 

161.  Ti*e  use  of  the  core  penetrometer  and  other  instruments  for 
measuring  the  existing  strength  of  the  0-  to  6-in.  layer  of  soil  was  dis¬ 
cussed  in  the  13th  Supplement  of  the  "Trafficability  of  Soils"  series.  The 
following  paragraphs  discuss  the  relations  of  sand  strength  (as  measured  by 
the  core  penetrometer)  and  other  sand  characteristics. 

162.  Variations  of  strength  with  depth.  The  standard  test  procedure 
for  all  vehicle  teats  Included  the  collection  of  core  into  data  to  a  depth 
of  15  In.  or  greater  whenever  possible.  The  beet  correlation  between  core 
index  end  vehicle  performance  was  obtained  by  considering  average  before- 
traffic  cone  index  for  the  0-  to  6*  in.  depth;  measurements  taken  at  the 
•urffcee,  3-in.,  and  6-in.  depths  are  wed  in  determining  the  average  value. 
ttotpt  for  a  few  caste,  the  strength  of  e  send  consistently  increased  with 


depth.  It  was  found  essential  that  the  cone  index  be  read  at  exactly  the 
correct  depth.  The  increase  in  strength  with  depth  is  usually  of  suffi¬ 
cient  magnitude  that,  unless  the  cone  index  measurements  are  mpde  with 
considerable  care,  the  results  can  be  very  erroneous.  The  following  tabic 
shows  an  example  of  what  would  happen  if  measurements  were  made  1  in.  below 
the  prescribed  depths.  For  this  example  it  was  assumed  that  the  data  shown 
in  table  6  for  item  Uo  were  correctly  taken.  Cone  index  was  plotted 
against  depth,  and  a  curve  was  drawn.  Readings  were  then  taken  at  depths 
1  in.  lever  than  those  prescribed,  and  the  two  were  compared. 


Depth 

Cone 

Depth 

Cone 

in. 

Index 

in. 

Index 

0 

2 

1 

9 

3 

38 

h 

62 

6 

120 

1 

160 

9 

2U0 

10 

Avg  0-  to  6- in.  layer 

56 

77 

163^  An  examination  of  test  40  (cone  index  56,  slope  l%t  fig.  h  of 
plate  10)  reveals  what  would  happen  to  this  test  were  it  plotted  at  a  cone 
index  of  77  rather  than  at  56*  The  test  was  an  Immobilization  that  would 
plot  on  the  wrong  side  of  the  line  of  separation  if  plotted  at  a  cone  index 
of  77,  The  fact  that  large  differences  in  average  readings  can  be  intro¬ 
duced  by  reading  cone  index  values  at  improper  depths  may  well  explain  why 
some  of  the  tests  plot  near  or  on  the  wrong  side  of  the  line  of  separation. 

Variations  of  strength  with  moisture.  As  shown  by  plots  of 
vehicle  slope-climbing  ability  vs  cone  index,  a  given  vehicle  at  a  given 
tire  pressure  can  operate  more  easily  on  a  wet  stud  titan  on  a  dry  or  moist 
sand  of  equal  cone  index.  Th,.s  precludes  any  correlation  that  might  be 
attempted  between  strength  (as  measured  by  the  cone  penetrometer)  and  ve¬ 
hicle  performance  without  considering  moisture  condition  of  the  sand*  Bow- 
everf  use  of  the  cone  index  as  a  measure  of  expected  vehicle  performance  in 
actual  operation  would  give  tha  lower  limit  of  performance  expected  and,  as 
moisture  content  increases,  the  performance  of  the  vehicle  would  increase 
accordingly  until  a  near-saturated  state  is  reached  end  then  the  vehicle 
performance  is  less  predictable.  Any  refitment  that  indudts  moitfum 
condition  will  improve  the  over-all  accuracy  of  maturity  eand  traffic- 
ability. 
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PART  IV:  CONCLUSIONS  AND  RE^OMENDATIOHS 


Conclusions 


165 •  The  following  conclusions  are  based  on  analysis  of  the  data 
collected  in  the  three  test  programs  reported  herein#  The  basic  guile  for 
these  test  programs  was  the  findings  reported  in  the  13th  Supplement  of  the 
"Trafficability  of  Soils"  series;  therefore,  these  conclusions  oru  also  ap¬ 
plicable  for  all  coarse-grained  3oil  tests  conducted  to  date# 

Single  self-propelled 
wheeled  vehicles 

a#  Vehicle  performnee  expressed  in  cone  index- sloj-e  climbing 
ability  terms  is  influenced  by  the  moisture  condition  of 
the  sand#  Wet- to- inundated  sands  are  more  trafficable  than 
dry-to-moiot  sands.  Inundated  sands,  however,  are  apt  to 
be  in  a  quick  condition  if  the  '.rater  is  in  motion  over  and 
through  the  sand.  Quick  condition  sands  are  not  able  to 
support  traffic# 

b.  The  perforrnnee  of  self-propelled  vehicles  on  dry-to-moist 

~  sands,  a3  defined  by  the  cone  index- slope  climbing  curves, 

is  the  same  regardless  of  sand  source  (quartz,  volcanic,  or 
coral)  or  location  (beach  or  desert). 

c.  Payload  variations  from  empty  to  1-1/2  times  the  rated  locd 
had  no  major  effect  on  the  slope-climbing  ability  of  the 
self-propelled  vehicles  tested# 

Towing  tests  with 

3e If -nropelled  vehicles 

a.  The  maximum  dra./bar  pull  for  wheeled  vehicles  on  level 
harrowed  sand  ranges  between  L0  and  of  their  groso 
weight;  tracked  vehicles  are  capable  of  maximum  drawbar 
pulls  of  as  much  as  50  to  6 c£  of  their  best  weight# 

b.  Load  increase  on  the  2-l/D-ton  11135  Prom  empty  to  10, COO  lb 

~  decreased  the  maximum  towing- force  ability  by  2.5$  of  the 

test  weight  at  all  tire  pressures  tested#  For  a  given 
tracked  vehicle  (l/4-ton  M29C)>  an  increase  in  test  weight 
of  1000  It  reduces  the  maxlmsa  towing- force  ability  by  j#5> 
of  the  test  weight. 

£•  The  n  ingle -tandem  5-ton  I-&1  has  a  ^  higher  drawb  u*-pull 
ability  thos  the  dual-tcndem  5-ton 

a#  For  /heeled  vehicles,  maximum  drawbar  pull  occurs  at  about 

~  25Jt  ’'heel  slip  for  all  loads  at  10-pci  tire  pressure#  At 
30-:*i  tire  pressure,  raxinum  drawbar  pull  occurs  at 
approximately  \%  wheel  slip#  For  tracked  vehicles,  trad; 
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slip  is  ZTp  at  maximum  drawbar  pull  for  the  l/t-ton  V20C 
at  two  test  weights,  At  lover  drawbar  pulls,  the  percent¬ 
age  of  track  slip  is  less  for  the  lighter  load. 

e«  Tewing- force  ability  on  harrowed  sand  slopes  can  be  com¬ 
puted  from  test  results  on  level  harrowed  sand,  with  an 
average  difference  of  about  1Q$>  between  actual  and  com¬ 
puted  results. 

tests 

a.  Towing-force  requirements  for  wheeled  trailers  can  be 
correlated  with  cone  index  and  tire  pressure. 

b.  For  the  tire  pressures  tested,  sand  disturbance  by  the 
towing  vehicle  has  little  effect  on  towing-force  require¬ 
ments  when  the  towed  and  towing  vehicles  are  operated  at 
the  same  tire  pressures# 


Recoirjnendations 


It  is  recommended  that: 

a.  A  rapid  method  be  developed  for  confident  recognition  of 
the  three  moisture  conditions  of  sand  that  are  important 
from  the  trafficability  standpoint— dry  to  moist,  vet  to 
inundated,  and  quid:  condition. 

b.  Additional  single  self-proj-elled  vehicle  tests  be  made, 
with  emphasis  on  wheeled  venicles  of  more  than  5 -ton 
capacity. 

2*  Detailed  studies  of  the  effect  of  wheel  load,  tire  pres¬ 
sure,  and  other  vehicle  characteristics  on  performance  of 
vehicles  in  sand  be  continued. 

d.  .  Towing  te&cs  on  undisturbed  sand  with  a  ran,;e  of  military 

vehicles  be  conducted. 

e.  Additional  loved-vehicle  tests,  including  tests  'With 
tractor- trailer  combi nations,  be  conducted. 

f.  .fork  be  conducted  on  procedures  to  derive  means  of  evalu¬ 
ating  performance  of  vehicles  not  tested. 

£0  Vehicle  tests  on  gravel  beaches  be  conducted. 

h.  for!:  on  estimating  the  trafficability  of  untested  beaches 
be  conti nued. 
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Hre  beacrteiloc 

Total  Aveiaft 

B«pty  Approx  Teat  21a  No.  Tlra  Contact  Contact  A«n|i  Tire 

Weight  Load  Welffct  Width  DUa  Ply  of  Prteawe  Atm  Preaaure  Print.  la.t 

Vehicle  1>  1»  lh  la.  la.  Mat  1m  TUm  pel  at  la.*  »el—  taMtb  WiStE 

Nclflc  laiaode  Teat  Protrea 

Be If -prop. lied  Wheeled  Vehicle  a  tt 


l/A-ton  M38A1 

2,625 

500 

3,125 

7.00 

16 

6 

* 

30 

100. A 

31.1 

6.5 

5.0 

*x*  truck 

20 

133*8 

23.* 

7.* 

S3 

15 

lfcA.A  - 

.  19.0 

6.* 

5.* 

10 

188.6 

16.6 

8.6 

5.6 

j/A.ton  K37 

5,917 

i,5oo 

7,  *17 

9.00 

16 

8 

* 

30 

22*.* 

33-0 

8.7 

7.* 

Ax*  truck 

20 

e*<»«e» 

«e>«M» 

... 

15 

297.8 

2*.  9 

10.8 

7.6 

10 

3*1.7 

21.7 

U.9 

7.6 

? •1/2 •ton  M211 

u,:2o 

5,000 

18,120 

9.00 

20 

8 

10 

30 

*01.3 

*5.2 

8.* 

9.64 

truck 

,o 

*5*. 9 

39.8 

9.0 

9-9* 

15 

508.7 

35.6 

9.7 

10.04 

10 

591.5 

30.6 

10.9 

10.24 

2 -1/2 -tori  K215 

1*,820 

2,500 

17,320 

11.00 

20 

12 

6 

30 

399.0 

*3.A 

U.2 

7.1 

ux6  true!: 

20 

**9.6 

38.5 

U.9 

7.3 

15 

502.2 

3*. 5 

13.0 

7.* 

10 

569.6 

30.* 

1*.* 

7.5 

5,000 

19,820 

11.00 

20 

12 

6 

30 

*26.1 

*6.5 

U.8 

7-0 

20 

*92.2 

*0.3 

13.0 

7.* 

15 

530.5 

37.* 

13.* 

7.5 

10 

-80?. 6  *% 

52.6 

1*.5 

7.6 

2-1/2-tor.  mi- 

11,0  0 

*.,000 

15,900 

8.25 

20 

mm 

6 

50 

•  •aa* 

mmmm 

•  •  •  • 

nmabered 

eat 

6x6  truck 

T< 
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IB 

Self  ••  rase  lied  Wheeled  Vehicle  a** 

1/A-too  M30A1 

2,*75 

500 

2,975 

7.00 

16 

6 

A 

>0 

96.6 

30.2 

6.7 

4*4 

*x*  truck 

20 

121.7 

2*.* 

7.5 

*.7 

15 

1*1.3 

21.1 

8.2 

*.8 

10 

167.5 

17.8 

9.2 

5.0 

3/*-ton  K37 

5,6.5 

0 

5,6*5 

9.00 

16 

9 

A 

30 

178.7 

31.6 

?.e 

6.7 

ex*  truck 

20 

217.* 

26.0 

8.6 

7.? 

15 

2*7.3 

22.8 

9.1 

7.5 

10 

290.9 

19.* 

1O.2 

7.6 

750 

6,275 

9.00 

16 

8 

A 

30 

197.7 

31.7 

6.0 

7.1 

20 

236.2 

26.6 

8.8 

7.3 

15 

262.5 

23.9 

.  9.* 

7.5 

10 

306.0 

20.5 

10.7 

7.6 

1,500 

7,065 

9.00 

16 

8 

A 

30 

22J.1 

31.8 

9.0 

7.2 

20 

265.7 

26.  r 

9.9 

7.5 

1 

301.0 

23.5 

10.7 

j 

lu 

338.8 

20.9 

11.6 

7.6 

2,  *00 

7,805 

9.00 

16 

6 

A 

>0 

2*1.2 

32.* 

9.0 

-t  "i 

I 

20 

261.1 

27.8 

10.2 

7.6 

15 

317.* 

2*,6 

10.7 

7.6 

10 

363*6 

21.5 

12.2 

7.7 

2-1/2-to n  »25 

12.A50 

0 

H, **> 

11.00 

20 

12 

6 

50 

3**.9 

38.3 

9.9 

6#  $ 

6x6  truckf 

20 

372.8 

33.** 

10.7 

6.6 

15 

*36.9 

«#5 

11.6 

6.9 

10 

*99.8 

2*  .9 

12.9 

7.1 

5,000 

17,330 

11.00 

90 

12 

6 

10 

*15.* 

*1.3 

a. 7 

6.8 

20 

*9*.0 

15.1 

12.8 

7.2 

15 

566.1 

JObC 

13.9 

7.5 

10 

*17.7 

77.2 

15.1 

7.8 

10,500 

22,705 

u.oo 

20 

12 

6 

JO 

550.0 

*1*3 

13.6 

7.5 

so 

6j6.5 

35.6 

1A.9 

7.7 

15 

710.* 

12.0 

15.9 

8.0 

10 

*3.8 

rr,( 

17.6 

8.* 
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Total  Average 

^ty 

AyproK 

Teat 

ftta 

«o.  Tire 

Contact  Contact 

Average  Tim 

VaiQht 

Loud 

Welgrt 

Width 

01k* 

Ply 

of  Preaeure 

Area  Pmaaum 

PriBt 

j  in « 

Vahicl* 

ib 

ib 

lb 

la. 

Jhtiflg 

Tima  Mi 

ac.  la. 

^ai 

Length 

wldih 

Yu*e  Teat  Program  (Continued) 

5 -tor.  Mkl 

1ft,  115 

0 

18.U5 

lk.00 

20 

12 

6  30 

566.0 

31.9 

11*9 

8.9 

6*6  truck 

20 

664.6 

26.5 

13.3 

9.4 

15 

786.6 

23.0 

lk.6 

9.5 

10 

915.9 

19.8 

16.3 

9.9 

5,000 

2**,275 

1*.0Q 

20 

12 

6  30 

689.6 

35.2 

13.3 

9.4 

20 

852.5 

26.5 

15.6 

9-9 

15 

970.3 

25.0 

16.9 

10.2 

10 

U97.2 

20.3 

19.9 

10.7 

10,000 

26,175 

14.00 

20 

1* 

6  30 

795.7 

35.4 

14.8 

10.0 

20 

955.3 

29-5 

I6.5 

10.3 

15 

; 062.4 

26.5 

17.8 

10.7 

10 

1-39.2 

21.6 

20.5 

11.1 

15,000 

32,3flO 

14.00 

20 

12 

6  30 

5  9.9 

j5.6 

16.0 

10.4 

20 

icrrs.i 

30.0 

18.2 

10.6 

15 

12U.1 

26.7 

19.8 

10.9 

10 

1460.2 

21.9 

22.6 

U.3 

5 -tor  >f>4 

20,635 

10,00u 

>0,635 

11.00 

20 

12 

O 

re's 

O 

-4 

773.4 

39.6 

12.6 

12.0# 

6*6  truck 

20 

1004.6 

30.5 

15.1 

12.9* 

15 

1128. k 

27.2 

16.7 

13.1* 

10 

1307,6 

23.4 

18.2 

13.7* 

Self -©rose lied  Tracked 

Vehicle  a*  a 

Teat 

One  Truck 

both  Trueka 

Average 

Weight 

_ _ 

Total  Contact  Area 

Contact  Preaeure 

ib 

Length  Width 

at  la. 

Ml 

l/k-ton  M29C  wiMl 

5,970 

78 

20 

3,120 

1.9 

6,970 

78 

20 

3,120 

2.2 

10-too  *A2  hi- 

■peed  tractor 
30-toe  MS  hl-epeed 

36,910 

126 

2k 

6,  oka 

6.1 

t  rector 

76,000 

176 

22 

7,75‘* 

>.e 

_ Sam 

IxJeuttt  Test  Progra* 

■elf-eroeell'd  Mbeeled  Vehicle ei4 

1/k-too  M30UU 

2.775 

200 

2,975 

7.00 

16 

6 

k  30 

96.6 

30.2 

6.7 

4.k 

4*k  truck 

20 

121 .7 

2k, k 

7.5 

4.7 

' 

15 

lkl.3 

21.1 

8.2 

4.8 

10 

167.5 

17.8 

9.2 

5.0 

3/4-too  M37 

6,067 

0 

6,067 

9.00 

16 

8 

k  30 

178.7 

31.6 

7.9 

6.7 

4*b  truck 

20 

2i7.k 

26.0 

8.6 

7.2 

15 

2k  7.3 

22. 8 

9.1 

7.5 

10 

290.9 

19.k 

10.2 

7.6 

2.1/2-to*  IQ  35 

12A50 

5,000 

17A50 

11.00 

20 

12 

6  30 

kl9.k 

41.3 

11.7 

6.8 

6at6  truck 

20 

k9k.O 

35.1 

12.8 

7.2 

15 

566.1 

>0,6 

13.9 

7.5 

10 

637.7 

«7.2 

15.1 

7.6 

UMi 
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fire  Peecrlption 
A wr* 


hft)' 

Approx 

Test 

Ria 

Fly 

Tlr* 

Ifo.  frei* 

Total 

Con¬ 

tact 

eg* 

Con¬ 

tact 

Pm* 

A v* rage  Tire 

a 

Distribution 

Weight 

Load 

Weight  Width 

Mm 

lbt> 

of 

IUN 

Aim 

sure 

Print .  in. 
tength  Wdtii 

«MaAaa  oaaam 

of  Weight.  }b 
fungi*  jggeli 

lb 

lb 

lb  la. 

In. 

1UL 

Tires 

Ml 

a  3a» 

pel 

figLiatesf-  Teat  Prugrae  (Cwnti&ued) 
Tojg4  jfcegled  VehlcleeM 


1/4. too  N100 

569 

0 

569 

7.00 

16 

6 

2 

25 

29-9 

16.59 

4.4 

4.4 

75 

494 

cargo 

00 

31.4 

15.7* 

4.? 

4.6 

trailer 

15 

37.7 

13.14 

5.0 

4.7 

10 

41.2 

12.  n 

5.2 

4.7 

250 

782 

7.00 

6 

2 

25 

31.0 

22. t* 

4.0 

4.2 

75 

707 

00 

33.0 

21.-4 

4.6 

4.3 

15 

38.6 

18.34 

5.1 

4.8 

10 

44.  V 

15.84 

5.6 

5.0 

500 

1,127 

7.00 

16 

6 

2 

25 

43-7 

23.54 

5.7 

5.0 

101 

1,026 

20 

47.1 

21.84 

5.9 

5.0 

15 

54.5 

18.84 

0 .0 

5.* 

.0 

61.5 

16.74 

7.0 

5.2 

750 

1,211 

7.00 

x6 

6 

2 

£5 

47.0 

23.84 

6.C 

5.2 

94 

1,117 

21 

51.? 

21.84 

6.6 

5.1 

11  • 

5  5-7 

20.04 

6.6 

5.2 

65,0 

17.24 

7.4 

5.3 

3/4-tcm  KlOl 

1,339 

750 

2,069 

9.00 

16 

8 

2 

■*'; 

58.3 

33.44 

6.5 

5.8 

140 

1,5-9 

cargo 

30 

71.3 

27.34 

1  .7 

6.4 

trailer 

20 

81.6 

23.94 

7.0 

6.6 

10 

111.5 

17.54 

8.6 

7.1 

l,y» 

2.960 

9.00 

16 

8 

2 

45 

75*7 

36.74 

7.0 

6.8 

18J 

2,777 

30 

96.3 

26.84 

8.0 

7.2 

20 

113.9 

24.44 

8.8 

7.5 

3.679 

10 

155.7 

17.84 

10.9 

7.6 

*,250 

9.00 

16 

8 

2 

45 

90.5 

38.44 

7.6 

7.* 

207 

3,472 

30 

104.6 

33.24 

8.2 

7.5 

20 

132.3 

26.24 

9.8 

7.7 

10 

171.2 

20.34 

a. 8 

7.7 

1-1/2  -ton 

2,450 

1,500 

4,110 

9.00 

20 

6 

2 

45 

100.5 

37.44 

9.0 

7.0 

352 

.,756 

»ao5 

10 

121.6 

30.94 

9.9 

7.1 

cargo 

20 

144.7 

26.04 

li.i 

7.4 

trailer 

5»6bfl 

10 

196.0 

19-24 

13. r 

7.6 

3.000 

9.00 

20 

8 

2 

45 

120.9 

43.9* 

10. 1 

7-4 

340 

5,306 

30 

140.5 

37.84 

10.6 

7.5 

20 

186.6 

26.14 

1  j.4 

7.7 

7,462 

10 

269.7 

19.74 

17.0 

8.0 

4,500 

9.00 

20 

8 

2 

45 

145.6 

49.44 

u.o 

7.5 

201 

7,179 

JO 

ITT.  5 

40.44 

12.6 

7.7 

20 

224.4 

32.04 

15.0 

7.9 

15 

262.8 

27.3 * 

17. i 

e.o 

6-teea  ago 

60 

256.5 

42.4 

7.1 

5.5 

10,960 

0 

10,960  | 

1 10.00 

20 

10 

r 

45 

30T.5 

356.3 

35.6 

7.6 

6 .  i 

trailer 

1 

[11.00 

20 

12 

30 

30.6 

8.2 

6.6 

6,000 

17,160  1 

15 

461.9 

23.7 

9.3 

7.? 

[10.00 

20 

10 

tr 

60 

377. 2 

45.5 

8.4 

6.8 

1 

[u.oo 

20 

12 

45 

S’? 

39.6 

9.0 

7.1 

30 

34.4 

9.8 

7.4 

15 

660,5 

26.0 

12.0 

7.5 

12,000 

25,520  j 

[10.00 

[11.00 

20 

20 

10 

12 

tr 

60 

45 

490.4 

5333 

52.0 

47.8 

9.8 

10.6 

7.3 

7.5 

30 

6  $6.0 

40.0 

11.6 

7.5 

15 

799*6 

128.5 

31.9 

13.7 

7.4 

n.nm 

7,153 

0 

7,151 

7.® 

20 

6 

a 

60 

55.7 

8.2 

4.9 

paotMer 

45 

146.2 

46.9 

8.8 

5.0 

tuner 

JO 

175-4 

40,8 

9.8 

5.1 

15 

243.6 

29-3 

12.4 

5.0 
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